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A  NEANDERTHALOIP  SKULL  PRESENTING 
FEATURES  OF  CLEIDOCRANIAL  DYSOSTOSIS 
AND  OTHER  PECULIARITIES. 


Can  all,  saint,  sage  or  sophist  ever  writ, 

People  this  lonely  tower,  this  tenement  unfit  ? 

Childe  Harold's  Pilgrimage ,  Canto  II.,  Stz.  VI. 


This  remarkable  skull  has  unfortunately  no  history.  It  was 
given  to  me  several  years  ago  by  a  medical  friend  who  had 
inherited  it  without  knowledge  of  its  origin.  The  mandible 
is  wanting.  A  deficiency  at  the  bregma,  absence  of  mastoid 
processes,  modifications  of  the  mandibular  fossae,  and  peculiarities 
of  dentition  seem  to  me  only  compatible  with  cleidocranial 
dysostosis.  The  skull  is  neanderthaloid  in  character,  has 
other  peculiarities,  and  presents  in  relation  to  its  facial  sutures 
multiple  osteomata  and  in  its  temporal  regions  a  series  of 
symmetrical  bony  excrescences.  To  several  anatomists  I  have 
shown  the  skull  and  to  Sir  Arthur  Keith  have  also  submitted 
my  drawings  and  millimetre-scale  outlines.  Sir  Arthur  writes  : — 
“You  have  a  specimen  which  shows  certain  cranial  features 
never  before  seen  in  neanthropic  man — a  perfect  torus  supra- 
orbitalis  and  a  perfect  torus  occipitalis.  These  heretofore  have 
been  found  only  in  the  skulls  of  Neanderthal  man”  and  a 
year  later: — “That  skull  of  yours  is  an  enigma:  publication 
may  bring  others  to  light :  I’m  sure  it  is  a  single  developmental 
(patholog)  entity  and  some  day  the  nature  of  the  lesion  will  be 
known.” 

In  searching  for  an  explanation  of  these  peculiarities  the 
first  step  is  obviously  to  give  a  detailed  account  of  the  skull’s 
anatomical  features.* 

*  For  a  grant  towards  defrayment  of  the  expense  of  illustrating  this 
publication,  I  am  indebted  to  the  Carnegie  Trust  for  the  Universities  of 
Scotland. 
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Craniometry 

The  skull — to  whatever  race  it  belongs— is  of  the  smaller  variety. 
Its  most  striking  feature,  apart  from  the  general  roughness  and 
irregularity  of  its  surfaces,  is  its  enormous  superciliary  arches  with 
their  knobbed  and  projecting  lateral  extremities.  It  has  a  rounded, 
narrow,  but  not  a  receding  forehead,  a  flattened  bregma,  and  a  full 
occipital  segment  with  an  occipital  torus  continuous  bilaterally  from  the 
external  occipital  protuberance.  So  much  for  the  general  survey. 
A  detailed  regional  study  of  the  skull  may  be  prefaced  by  the  following 
general  measurements  : — - 


Circumference 

481  mm. 

Length 

174  mm. 

Breadth 

125  mm. 

Cephalic  index 

71-89 

Dolichocephalic. 

Height 

124  mm. 

Altitudinal  index  . 

71-26 

Orthocephalic. 

Basinasal  length  . 

93  mm. 

Basialveolar  length 

87  mm. 

Gnathic  index 

106-84 

Prognathic. 

Nasal  height 

39  mm. 

Nasal  width 

25  mm. 

Nasal  index 

54-i 

Platyrhine. 

Orbital  width 

35  mm- 

Orbital  height 

36  mm. 

Orbital  index 

102-85 

Megaseme. 

Interzygomatic  breadth 

1 12  mm. 

Cranial  capacity  . 

1140  c.cm. 

/.  Microcephalic. 

Weight 

The  skull  is  cryptozygous. 

680  gm. 

Norma  facialis  (Plate  I.  and  Fig.  i).— The  forbidding  aspect 
of  this  orientation,  due  to  the  size  of  the  superciliary  arches,  is 
increased  by  the  sunken  nasofrontal  angle  which  is  7  mm.  deep  to 
the  vertical  antenor  plane  of  the  frontal  bone.  Ihe  metopic  suture 
is  preserved  in  its  entirety  and  from  the  nasion  extends  some 
60  mm.  to  a  superior  depression,  the  frontal  portion  of  a  bregmatic 
defect.  On  either  side  of  the  metopic  suture  the  frontal  squama  is 
symmetrically  smooth  and  rounded  as  far  as  the  frontal  tuberosities, 
which  are  not  particularly  prominent.  Between  the  tuberosities  and 
the  superior  temporal  lines  the  surface  becomes  somewhat  rough  and 
granular.  The  widest  part  of  the  frontal  bone  is  hi  mm.  close 
to  the  coronal  suture,  and  the  width  between  the  superior  temporal 
lines  close  to  the  superciliary  arches  measures  106  mm.  There  is  no 
glabella.  Fhat  portion  of  the  frontal  bone  presents,  instead  of  a 
piominence,  a  flat  suiface  which  the  rise  at  the  medial  commencement 
of  the  superciliary  arches  renders  a  shallow  concavity  some  12  mm. 
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PLATE  I 


R.W.  MAT  THEWS. 
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The  facial  aspect  of  the  skull 


Norma  Facialis 


in  breadth.  The  superciliary  arches,  great  rolls  of  bone  incorporating 
the  superior  margins  of  the  orbits  which  they  overhang,  are  smooth¬ 
surfaced  in  their  medial  25  mm.  and  thence  increasingly  rough  until  each 


Fig.  I. — Millimetre-scale  drawing  of  the  skull  in  norma  facialis. 

ends  in  a  finely  knobbed  protuberance  which  extends  beyond  the 
superior  temporal  lines,  24  mm.  on  the  left,  and  22  mm.  on  the  right 
side.  The  width  between  the  lateral  extremities  of  the  supra-orbital 
torus  is  122  mm. 
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The  Frontal  Torus 


The  left  half  of  the  supra-orbital  torus  is  larger  than  the  right. 
From  the  metopic  suture  to  its  lateral  limit  it  measures  67  mm.,  and 
its  maximum  vertical  depth  is  18  mm.  Laterally  it  projects  12  mm. 
beyond  the  vertical  plane  of  the  homoiolateral  zygomatic  bone.  The 
right  half  of  the  supra-orbital  torus  measures  from  the  metopic  suture 
to  its  lateral  extremity  65  mm.,  and  its  maximum  vertical  depth  is 
16  mm.  Laterally  it  projects  9  mm.  beyond  the  vertical  plane  of  the 
right  zygomatic  bone.  The  medial  third  of  each  half  of  the  torus  is 
more  smooth  and  regular  than  the  middle  and  lateral  thirds,  the 
surfaces  of  which  are  finely  crenated  and  each  presents  a  broad  shallow 
groove  directed  obliquely  superiorly  and  laterally.  An  anteroposterior 
radiogram  shows  (Plate  II.)  that  the  only  representative  of  a  frontal 
air-sinus  is  a  small  oval  area  not  exceeding  10  mm.  in  its  long 
diameter,  which  commences  immediately  to  the  right  of  the  metopic 
suture  close  to  the  frontonasal  suture,  and  has  no  left  homologue. 

Each  half  of  the  torus  is  a  solid  mass  of  bone  with  no  relation  to  a 
frontal  air-sinus.  Their  size  entitles  them  to  a  comparatively  inordinate 
blood  supply  and  this  they  receive,  in  the  absence  of  any  contained 
membrane-lined  cavity,  such  as  a  fronal  air-sinus,  entirely  from  their 
overlying  periosteum.  Where  adequate  periosteal  vessels  gain  access 
and  corresponding  veins  have  egress  must,  for  mechanical  reasons,  be 
along  the  superior  border  of  the  torus,  and  here  a  number  of  slit-like 
foramina  are  present  each  with  a  more  or  less  transverse  obliquity,  and, 
the  left  half  of  the  torus  and  the  neighbouring  lateral  part  of  the  frontal 
bone  being  larger,  more  massive  and  more  prominent  than  the  right, 
the  foramina  are  larger  and  more  numerous  in  the  left  than  in  the 
right  torofrontal  sulcus.  The  absence  of  glabella  dispenses  with  a 
supraglabellar  fossa.  From  the  nasion  to  the  ophryon,  as  measured  by 
calipers,  is  22  mm.,  and  along  the  contour  of  the  bone  27  mm. 

The  nasal  bones  are  short,  and  the  right  broader  than  the  left 
carries  the  commencement  of  the  nasal  suture  3  mm.  to  the  left  of  the 
mesial  plane,  which,  however,  it  regains  at  the  piriform  aperture.  The 
nasal  suture,  14  mm.  in  length,  is  sinuous  rather  than  denticulate  and 
terminates  distally  in  a  narrow  notch  4  mm.  long.  The  right  nasal 
bone  measures  12  mm.  at  its  base  and  the  left  correspondingly,  7-5  mm. 
The  appearance  of  breadth  of  the  nasal  arch  is  augmented  by  the 
breadth  of  the  frontal  processes  of  the  maxillae,  which  superiorly  have 
a  slight  excurvation  orbitofacially.  The  interorbital  width  of  the  frontal 
is  33  mm.,  increasing  to  34  mm.  between  the  lateral  terminations  of 
the  frontomaxillary  sutures. 

The  orbits  are  large  and  the  projection  of  the  frontal  torus  from 
each  superior  margin  gives  them  an  appearance  of  great  depth. 
Measurement  from  the  optic  foramen  to  the  orbital  margin,  whether 
over  the  roof,  58  mm.,  or  on  the  floor,  57  mm.,  shows  a  depth  which  is 
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PLATE  II 


Anteroposterior  radiogram  of  the  skull  showing  the  cancellous  structure  of  the  frontal  torus  and 
the  minute  unilateral  representative  of  the  frontal  air-sinuses. 


The  Facial  Bones 


practically  the  same  in  both  orbits,  but  to  this  the  maximum  projection 
of  the  torus  adds  some  n  mm.  The  transverse  diameter  between 
the  frontozygomatic  sutures  at  their  lateral  extremities  is  107  mm.,  and 
at  their  orbital  margins,  100  mm.  A  slight  depression  at  the  junction 
of  the  medial  with  the  middle  thirds  of  the  superior  margin  is  evidently 
the  supra-orbital  notch  and  contains  a  small  foramen  leading  into  the 
bone.  The  medial  part  of  the  floor  of  each  orbit  and  each  lamina 
papyracea  have  a  definite  fulness  into  the  orbital  cavity.  The  sulcus 
for  the  lacrimal  sac  appears  voluminous  in  each  orbit,  an  appearance 
augmented  by  the  breadth,  smoothness,  and  concavity  of  its  maxillary 
constituent. 

The  piriform  aperture  is  capacious,  and  presents  a  slight  asymmetry 
which  is  not  abnormal.  The  anterior  nasal  spine  maintains  at  its  base 
part  of  the  original  maxillary  suture.  The  left  component  of  the 
anterior  nasal  spine  is  a  straight  conical  projection  2  mm.  in  length, 
while  the  right  component  is  much  more  massive,  measures  7  mm.  in 
length,  has  a  slight  right  lateral  deflection,  and  on  its  superior  surface 
is  concave  to  accommodate  the  vomeronasal  cartilage. 

Within  the  nasal  cavity  the  vomer  and  the  perpendicular  lamina  of 
the  ethmoid  bone  are  dextroconcave,  indicating  a  left  deviation  of  the 
nasal  septum  anteriorly,  and  accounting  for  the  right  deflection  of 
the  anterior  nasal  process.  The  conchse  are  well  formed,  present  no 
abnormality,  and  each  inferior  concha  is  well  fixed  in  position. 

The  zygomatic  bones  are  symmetrical  and  well  formed,  and  between 
their  lateral  surfaces  give  a  maximum  diameter  of  in  mm. 

On  the  maxillae  the  infra-orbital  foramina  are  obscured  by  small 
bony  outgrowths.  There  are  but  four  maxillary  teeth,  two  molar, 
a  right  premolar  and  right  lateral  incisor,  and  there  is  an  alveolus 
for  a  left  lateral  incisor,  which  has  evidently  accidentally  fallen  out. 
The  facial  width  between  the  inferior  limits  of  the  zygomaticomaxillary 
sutures  is  88  mm.,  and  the  narrowest  transverse  maxillary  diameter 
is  59  mm.  The  vertical  depth  of  the  maxillae  in  the  mesial  plane, 
from  the  root  of  the  anterior  nasal  spine  to  the  alveolar  margin,  is 
16  mm.  The  body  of  each  maxilla  is  well  developed  but  has  a  slight 
vertical  concavity  due  to  excurvation  of  the  alveolar  border  facially. 
There  appears  no  inadequacy  in  size  of  the  maxillary  air-sinuses. 
From  the  nasion  to  the  alveolar  point  measures  54  mm. 

To  this  anatomical  description  of  the  norma  facialis  must  be 
added  a  pathological  feature  of  some  importance  for  comparison  with 
other  regions  of  the  skull  and  for  ultimate  discussion.  A  certain 
nodular  irregularity  is  given  to  the  facial  bones  by  the  presence  of  a 
number  of  small  sessile  osteomata  which  project  from  the  superficial 
surface.  These  little  tumours  are  not  scattered  haphazard,  however, 
but  are  limited  to  the  immediate  neighbourhood  of  the  sutures,  and 


Norma  Vertical  is 


there  only  do  they  occur.  They  have  no  counterpart  on  the  frontal 
bone,  unless  the  crenated  lateral  termination  of  each  superciliary  arch 
is  of  this  nature,  and  it  is  possible  that  to  them  aetiologically  is  related 
the  osteomatous  irregularities  present  in  each  temporal  fossa.  It  will 
obviate  repetition  if  the  detailed  description  of  the  facial  osteomata, 
their  site  and  distribution,  be  delayed  until  their  possible  origin  and 
significance  are  being  discussed.  Suffice  it  to  say  in  the  meantime 
that  the  facial  osteomata  are  related  to  the  sutures  and  margins  of 
cavities,  that  they  have  a  definite  bilateral  symmetry,  that  those  of  the 
left  side  are  more  voluminous  and  prominent  than  those  of  the  right, 
and  that  the  larger  nodules  tend  to  become  tubercular  and  thereby 
give  an  added  irregularity  to  the  appearance  of  norma  facialis. 

Norma  verticalis  (Plate  III.). — The  superior  aspect  of  the 
skull  shows  a  symmetrical  calvaria  whose  longest  sagittal  diameter 
measured  by  calipers  is  174  mm.  and  whose  greatest  breadth  is 
121  mm.  at  the  parietal  tuberosities,  the  maximum  breadth  of  the 
skull  being  125  mm.  It  presents  three  striking  features:  the  frontal 
torus  anteriorly,  a  bregmatic  deformity,  and  a  roughness  and  irregularity 
of  the  surface  posterior  to  the  middle  of  the  sagittal  suture.  The  skull 
is  not  devoid  of  frontal  tuberosities  though  they  are  not  prominent,  yet 
beyond  the  frontal  contour  the  frontal  torus  with  its  broad  shallow 
mesial  concavity  stands  out  prominently  and  the  finely  nodular 
irregularity  of  each  lateral  termination  is  very  obvious.  On  the  left 
side  one  or  two  of  the  vascular  foramina  in  the  torofrontal  sulcus  add 
to  the  general  appearance  of  roughness.  All  the  sutures,  including  the 
metopic,  are  present  in  their  entirety. 

The  sutures  converge  at  the  bregma  to  a  depression  the  shape  of 
an  heraldic  lozenge.  The  lateral  angles  are  acute  and  symmetrical, 
and  each  is  a  pars  bregmatica  of  the  coronal  suture,  the  lateral 
extremities  of  the  angles  being  53  mm.  apart.  The  posterior  angle 
is  obtuse,  while  the  anterior  angle  is  rather  a  broad  and  shallow  groove 
which  merges  ultimately  into  the  metopic  suture,  the  distance  from 
the  posterior  to  the  anterior  extremes  being  57  mm.  The  margins  of 
the  cruciform  depression  are  rounded  as  if  bevelled  at  the  expense  of 
the  outer  table.  The  floor  of  this  area  is  irregularly  ossified  as  if 
composed  of  a  number  of  small  sutural  bones  more  or  less  fused 
together,  but  the  fact  that  peripherally  they  are  continuous  with  the 
outer  table  of  the  skull  makes  it  apparent  that  they  result  from  irregular 
denticulate  extension  of  ossification  in  the  membrane  of  the  anterior 
fonticulus  towards  the  sagittal  and  coronal  planes.  The  ossification 
however  has  been  arrested,  and  from  the  bregma  obliquely  to  the  left 
of  the  termination  of  the  sagittal  suture  is  an  elongated  oval  hiatus 
11  mm.  in  its  longitudinal  and  some  4  mm.  in  its  transverse  diameter 
and  bordered  by  an  irregular  denticulate  margin.  From  the  right 
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PLATE  III 


The  vertex  of  the  skull, 


x  f,  showing  the  bregmatic  defect  and  the  projecting  frontal  torus 


PLATE  IV 


The  occipital  aspect  ol  the  skull,  x  showing  the  transverse  occipital  suture,  the  irregularity 

of  the  surface,  sutural  bones  and  the  occipital  torus. 


Norma  Occipitalis 

margin  of  this  opening  passes,  in  the  coronal  plane,  an  interrupted 
narrow  fissure  which  is  directly  continuous  with  the  right  limb  of  the 
coronal  suture.  At  a  distance  of  n  mm.  from  the  anterior  limit  of 
the  larger  deficiency,  a  small  circular  opening  pierces  the  bone  some 
3  mm.  from  the  left  margin  of  the  depressed  area  and  6  mm.  to  the 
left  of  the  mesial  plane. 

From  the  posterior  angle  of  the  cruciform  depression  for  13  mm. 
the  sagittal  suture  is  simple  and  sinuous,  but  thence  to  the  obelion  it 
has  a  fine  closely  set  denticulation  nowhere  exceeding  7  mm.  in  width. 
For  12  mm.  at  the  obelion  the  sagittal  suture  is  ankylosed,  and  can 
only  be  partially  traced.  On  either  side,  equidistant  from  the  mesial 
plane,  the  parietal  foramina  are  of  average  and  equal  size,  the  left 
however  is  on  a  plane  7  mm.  anterior  to  the  right.  From  its 
obliterated  portion  the  sagittal  suture  resumes  12  mm.  of  its  course 
before  meeting  the  acute  angle  which  is  formed  by  the  apex  of  the 
lambdoid  suture. 

The  surfaces  of  the  parietal  bones  bordering  the  posterior  half  of 
the  sagittal  suture  are  smoothly  irregular  as  far  as  the  parietal 
tuberosities,  which  have  a  surface  of  shallow  “digital  impressions.” 
The  triangular  area  between  the  middle  of  the  sagittal  suture  and  the 
parietal  tuberosities  is  flattened,  a  biotrophic  dysplasia  probably  due  to 
modified  development  of  the  underlying  diploe. 

Norma  occipitalis  (Plate  I  V.). — This  aspect  of  the  skull  partici¬ 
pates  in  the  peculiarities  of  the  adjacent  parietal  surface.  It  is  rough 
and  irregular  from  many  depressions  which  result  from  a  localized  late 
biodystrophy  and  are  not  pathological  innovations  from  the  surface. 
Some  of  these  depressions  are  large  enough  to  admit  the  tip  of  the 
little  finger,  others  are  quite  small  and  shallow,  and  especially  near 
the  apex  of  the  interparietal  portion  are  a  number  of  punctiform 
foramina.  The  edge  of  each  depression  slopes  gradually  to  a  floor 
of  bone  which  is  smoother  and  whiter  than  is  the  general  occipital 
surface.  There  is  no  evidence  whatever  of  any  inflammatory  process, 
and  in  one  of  the  depressions  on  the  left  side  into  which  an  extension 
of  the  lambdoid  suture  has  been  carried,  even  the  minutest  denticula- 
tions  have  retained  the  sharpness  of  their  anatomical  perfection. 

The  acute  angle  formed  by  the  lambdoid  suture  superiorly  gives 
to  the  planum  occipitale  a  narrowness  which  is  exaggerated  by  a 
sutural  bone  which,  involving  the  middle  of  the  left  limb  of  the 
lambdoid  suture,  projects  medially  some  20  mm.  From  this  sutural 
bone  an  irregular  agglomeration  of  sutural  denticulations,  extending 
anteriorly  for  some  25  mm.,  marks  off  a  series  of  sutural  bones, 
otherwise  ill-defined,  which  replace  this  area  of  the  left  parietal.  There 
is  a  smaller  area  of  sutural  irregularity  at  the  corresponding  part  of 
the  right  limb  of  the  lambdoid  suture. 
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Norma  Lateralis  Sinistra 


There  is  no  defined  external  occipital  protuberance  but  at  its  site 
an  occipital  torus  51  mm.  in  transverse  extent,  and  symmetrically 
disposed  on  each  side  of  the  mesial  plane.  Superiorly  the  torus  is 
flush  with  the  planum  occipitale,  but  inferiorly  forms  an  abrupt  ledge 
which  has  a  maximum  projection  of  8  mm.  beyond  the  planum  nuchale. 
The  torus  does  not  seem  to  be  part  of  the  superior  nuchal  line  and 
has  no  corresponding  curve,  but  is  rather  a  horizontal  ledge  whose 
rough  inferior  surface  overhangs  the  line. 

At  a  maximum  of  19  mm.  superior  to  the  margin  of  the  occipital 
torus  a  suture  crosses  the  occipital  squama,  commencing  on  the  right 
side  16  mm.  above  the  asterion  and  passing  to  a  corresponding  point 
on  the  left,  less  defined  on  account  of  the  asterionic  sutural  bones. 
This  transverse  suture,  distinct  for  40  mm.  on  the  left  and  45  mm.  on 
the  right  side,  is  interrupted  medially  by  areas  of  synostosis.  In  the 
mesial  plane  the  free  border  of  the  occipital  torus  lies  17  mm.  inferior 
to  the  transverse  occipital  suture  to  which  it  is  entirely  unrelated. 

Norma  lateralis  sinistra  (Plate  V.  and  Fig.  2). — The  striking 
features  of  this  aspect  of  the  skull  are  the  presence  of  the  frontal  and 
occipital  tori,  the  absence  of  the  mastoid  process,  the  hypertrophic 
roughness  of  the  temporal  fossa,  and  the  nodular  irregularity  of  the 
zygomatic  arch. 

Placed  on  a  plane  surface  the  skull  rests  on  its  occipital  condyles, 
and,  automatically  tilting  posteriorly,  raises  the  occlusional  surface  of 
the  molar  teeth  7  mm.  while  applying  to  the  plane  surface  the  occipital 
bone  close  to  the  posterior  border  of  the  foramen  magnum.  Nor  does 
the  occipital  torus  come  within  13  mm.  of  the  horizontal  plane. 

The  bregmatic  defect  gives  to  the  superior  contour  of  the  skull  an 
elongated  shallow  concavity  reminiscent  of  the  post-coronal  sulcus. 
The  lowness  of  the  forehead  is  perhaps  accentuated  by  the  size  of  the 
frontal  torus,  but  there  is  no  disproportion  between  the  facial  and  the 
cranial  elements  of  the  skull.  Apparently  in  relation  to  the  vascular 
foramina  in  the  left  torofrontal  sulcus  the  bone  forms  somewhat 
horizontal  ridges.  The  temporal  lines  are  not  well  marked,  and 
superior  to  them  the  frontal  surface  and  the  anterior  half  of  the 
parietal  surface  are  comparatively  smooth,  whereas  at  and  beyond  the 
parietal  tuberosity  the  bone  is  irregular  from  many  pits  and  depressions. 
Inferior  to  the  temporal  lines  the  surface  becomes  increasingly  irregular 
towards  the  hypertrophic  masses  which  cover  the  temporal  fossa, 
obliterate  the  sphenofrontal  and  sphenoparietal  sutures  and  obscure 
the  squamosal  suture.  The  roughness  of  the  surface  superior  to  the 
temporal  fossa  is  not  similar  throughout.  Thus,  between  the  coronal 
suture  and  the  torus,  the  surface  has  superiorly  a  somewhat  stippled 
appearance,  and  inferiorly  is  granular  from  minute  nodules  which 
obliterate  the  lateral  termination  of  the  coronal  suture,  and  then  form 
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PLATE  V 


The  left  lateral  aspect  of  the  skull. 


Temporal  Hyperostosis 


a  horizontal  rounded  ridge  continuous  anteriorly  with  the  crenated 
superior  surface  of  the  lateral  fourth  of  the  supra-orbital  torus. 
Posterior  to  the  coronal  suture  the  surface  gradually  loses  its  granular 
character  to  become  finely  reticulate  almost  to  the  parietomastoid  suture. 

The  hypertrophic  surface  of  the  temporal  fossa  presents  sharp  crests 
and  blunter  ridges  of  bone  with  irregular  cuneiform  masses  whose 
surfaces  are  stippled,  granular  and  fissured,  packed  together  and 


Fig.  2. — Millimetre-scale  drawing  of  the  skull  in  norma  lateralis  sinistra. 


larger  and  more  crowded  antero-inferiorly  than  at  the  squamosal  suture. 
The  trend  and  direction  of  these  bony  excrescences  is  obliquely 
anteriorly  and  inferiorly  and  suggest  the  fan-shape  and  convergence 
of  the  fibres  of  the  temporalis  muscle.  Inferiorly  the  irregularity  is 
exaggerated  by  several  little  osseous  masses  which  project  beyond 
the  others  and  have  polished,  eburnated  surfaces  and  apices.  The 
osseous  hypertrophy  ceases  abruptly  at  the  infratemporal  crest  and 
leaves  unaffected  an  area  17  mm.  in  vertical  diameter  above  the 
root  of  the  zygomatic  process  of  the  temporal  bone. 
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B 


Norma  Lateralis  Dextra 


The  blunt,  round,  projecting,  lateral  termination  of  the  frontal  torus 
has  been  already  described.  It  is  20  mm.  in  anteroposterior  and 
17  mm.  in  vertical  diameter,  and  the  granular  crenulations  which 
give  it  irregularity  become  more  numerous,  larger,  and  more  closely 
packed  on  its  temporal  aspect.  The  sphenozygomatic  suture  is  rough 
and  its  margins  are  slightly  everted. 

The  zygomatic  arch  is  by  no  means  massive,  and  instead  of  a 
uniform  lateral  convexity  is  rather  sinuous,  its  posterior  portion  is 
flattened  from  above  downwards  and  has  a  lateral  concavity.  Its 
borders  are  nodular,  especially  in  relation  to  the  zygomatic  suture. 
These  nodules  are  homologues  of  the  osteomata  in  relation  to 
the  facial  sutures  and  of  the  irregularities  at  the  sphenozygomatic 
suture. 

The  absence  of  the  mastoid  process,  of  which  there  is  no  trace, 
exposes  the  occipital  condyle  with  at  its  lateral  margin  an  irregular 
projection,  a  feeble  representation  of  a  paramastoid  process.  The 
posterior  and  inferior  portions  of  the  bone  around  the  external  acoustic 
meatus  stand  in  strange  isolation  for  want  of  the  mastoid  process,  and 
even  the  anterior  margin  seems  unsupported  on  account  of  a  modifi¬ 
cation  of  the  mandibular  fossa.  On  either  side,  in  the  occipitomastoid 
suture  is  a  mastoid  foramen,  the  right  being  considerably  larger  than 
the  left. 

The  lateral  radiogram  (Plate  VI.)  of  the  skull  shows  many  of  the 
points  just  referred  to  as  well  as  accentuating  the  massiveness  of  the 
cranium,  the  presence  of  the  sutural  bones  posteriorly  and  the  normal 
size  and  shape  of  the  hypophysial  fossa. 

Norma  lateralis  dextra  (Fig.  3). — There  is  no  essential  difference 
between  this  and  the  left  lateral  aspect  of  the  skull  but  slight  variation 
of  detail  requires  indication.  The  main  features  of  the  two  sides 
correspond  but  the  eccentricities  are  less  marked.  There  is  the  same 
division  superiorly  into  a  smooth  anterior  half,  and  a  posterior  half 
irregular  with  pitted  depressions ;  the  same  differences  are  observable 
in  the  anterior  and  posterior  parts  between  the  temporal  lines  and 
the  squamosal,  sphenoparietal  and  sphenofrontal  sutures;  and  the 
same  variety  of  osseous  outgrowths  occupies  the  temporal  fossa. 
But,  the  peculiarities  being  less  extreme,  the  squamosal  suture  is 
indicated  throughout;  the  sphenoparietal  suture  is  defined,  not 
obscured,  by  the  roughness  in  the  temporal  fossa,  and  the  lateral 
extremity  of  the  coronal  suture  can  be  traced  to  its  termination 
(Plate  VII.).  The  ridges  and  masses  of  bone  in  the  temporal  fossa 
have  the  same  obliquity  and  distal  convergence,  but  they  are  smaller 
and  leave  the  superior  half  of  the  temporal  squama  practically 
unaffected.  The  lateral  extremity  of  the  right  supra-orbital  torus 
measures  19  mm.  in  its  anteroposterior  diameter  and  16  mm.  in 
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PLATE  VI 


Lateral  radiogram  of  the  skull  showing  the  hypophysial  fossa. 


PLATE  VII 


Part  of  the  right  lateral  aspect  of  the  skull  showing  the  temporal  and  adjacent  irregularities. 


PLATE  VIII 


The  basal  aspect  of  the  skull, 


x 


4* 


The  skull  has  been  erven  a  slight  left  lateral  rotation 


and  thus  an  appearance  of  asymmetry. 


A 


The  Mastoid  Region 

its  vertical  diameter,  and  though  rough  on  its  surface  is  less  so  than 
the  corresponding  extremity  on  the  left. 

The  zygomatic  arch  has  its  normal  curve,  and  the  nodular 
irregularity  of  its  borders  is  less  rough  than  of  the  left  arch,  but,  as 
on  the  left,  the  nodules  appear  particularly  related  to  the  zygomatic 
suture. 

The  isolation  of  the  bony  part  of  the  external  acoustic  canal,  due 


Fig.  3. — Millimetre-scale  drawing  of  the  skull  in  norma  lateralis  dextra. 


to  absence  of  the  mastoid  process  and  modification  of  the  mandibular 
fossa,  is  as  obvious  on  this  aspect  as  on  the  left.  A  right  paramastoid 
process  is  larger  than  is  the  left  and  in  this  orientation  prevents  an 
uninterrupted  view  of  the  right  occipital  condyle. 

Norma  basalis  (Plate  VIII.). — The  base  of  the  skull  is  symmetrical 
though  some  corresponding  parts  differ  a  little  in  detail.  The  most 
striking  abnormal  features  are  the  occipital  torus,  deformities  of  the 
mandibular  fossae  and  of  the  palate,  and  the  absence  of  a  spina 
angularis  from  each  great  wing  of  the  sphenoid  bone. 
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Norma  Basalis 


The  occipital  torus  has  been  described  in  detail.  The  foramen 
magnum,  but  for  a  medial  bulge  of  the  left  occipital  condyle,  is 
symmetrical.  It  is  almost  circular  and  measures  32  mm.  mesially, 
and  30  mm.  transversely.  The  left  foramen  ovale  is  narrower  than 
the  right,  and  the  foramen  spinosum  is  in  closer  approximation  to  it. 
On  neither  side  is  there  a  spina  angularis.  Both  occipital  condyles 
are  well  formed,  the  left  being  the  larger,  the  more  elongated,  and  the 
more  prominent.  There  is  neither  condylic  fossa  nor  canal.  At  the 
posterior  extremity  of  the  lateral  margin  of  each  occipital  condyle  is 
a  small,  stunted,  quadrilateral,  bony  nodule,  a  paramastoid  process. 
The  right  is  the  larger,  has  a  diameter  of  8  mm.  at  its  base,  and 
projects  from  the  surface  6  mm.  The  margin  of  its  free  extremity 
is  slightly  nodular,  while  its  terminal  smoothness  suggests  articulation 
with  the  atlas.  The  left  paramastoid  process  is  a  small  nipple-shaped 
projection  2  mm.  in  height.  Both  styloid  processes  have  been  broken 
off  short  but  are  of  average  circumference. 

From  the  lateral  aspect  of  each  paramastoid  process  the  surface 
slopes  steeply  to  a  notch  on  the  right  and  a  roughness  on  the  left, 
which  are  obviously  for  attachment  of  the  diagastric  muscles.  On 
neither  side  is  there  any  mastoid  process. 

The  basilar  process  is  well  formed  and  slopes  but  slightly  upwards 
as  it  passes  anteriorly.  It  measures  31  mm.  in  length  from  the  anterior 
margin  of  the  foramen  magnum,  and  18  mm.  transversely  at  the 
anterior  extremity  of  the  foramen  lacerum.  The  tympanic  part  of 
each  temporal  bone  stands  isolated  posteriorly,  where  each  in  the 
absence  of  the  mastoid  process  presents  a  flat  vertical  wall. 

The  mandibular  fossae  (Plate  IX.),  instead  of  presenting  the  usual 
concavity,  are  practically  flat  surfaces.  The  right  fossa  has  a  well- 
defined,  rounded,  somewhat  sinuous  margin  anteriorly  and  medially. 
Its  surface  is  smooth  and  faintly  undulating,  and  its  posterior  half, 
which  is  the  smoother  segment,  is  slightly  concave.  Its  longest  medio- 
lateral  diameter  passing  medially  with  a  slight  anterior  obliquity, 
measures  24  mm.,  while  its  anteroposterior  diameter  at  right  angles  to 
the  mediolateral,  measures  20  mm.  The  right  petrotympanic  fissure 
is  unusually  wide.  The  left  mandibular  fossa  is  less  extensive  and 
less  well  defined.  Its  mediolateral  diameter,  .with  the  same  obliquity 
as  the  corresponding  diameter  of  the  right  fossa,  measures  17  mm., 
and  its  anteroposterior  diameter  15  mm.  Its  anteromedial  border  is 
slightly  raised  and  rough,  but  the  articular  part  of  its  surface  is  entirely 
flat.  The  petrotympanic  fissure  is  wider  than  usual.  Anteromedially 
the  fossa  is  flush  with  a  number  of  small  bony  nodules  constituting  a 
sort  of  mosaic. 

The  choanse  are  narrow.  Vertically  from  the  roof  to  the  posterior 
nasal  spine  the  measurement  is  15  mm.,  and  transversely  at  the  level 
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PLATE  IX 


The  mandibular  fossae 


The  Palate 


of  the  bony  palate,  18  mm.  The  minimum  distance  between  the 
medial  surfaces  of  the  medial  pterygoid  laminse  is  14  mm. 

The  palate  (Fig.  4)  is  dwarfed  by  the  alveolar  processes  which  form 
a  broad  horseshoe-shaped  surface.  The  processes  contain  four  teeth, 
namely  a  right  and  left  second  molar,  a  right  first  premolar,  and  a 
right  lateral  incisor  tooth  from  the  crown  of  which  a  portion  has  been 
accidentally  broken  off.  There  is  also  an  alveolus  8  mm.  in  depth 
from  which  the  left  lateral  incisor  tooth  has  obviously  dropped  out. 

From  the  tip  of  the  posterior  nasal  spine  to  the  alveolar  point 
measures  44  mm. ;  to  the  anterior  margin  of  the  incisive  foramen 
34  mm. ;  and  to  the  posterior  margin  of  the  incisive  foramen  31-5  mm. 


The  breadth  of  the  palate  between  the  lateral  margins  of  the  pterygo¬ 
palatine  canal  is  22  mm.,  and  of  the  palate  between  the  molar  teeth 
20  mm.  The  medial  walls  of  the  alveolar  processes  are  almost  vertical 
and  have  a  maximum  depth  of  14  mm.  The  bony  palate  is  ogival 
horizontally  and,  though  especially  marginally  it  is  somewhat  rough, 
the  surface  is  flat  and  not  arched.  In  addition  to  their  height  a  feature 
of  the  alveolar  processes  is  their  breadth,  particularly  posteriorly  where 
they  measure  a  maximum  of  12  mm.  mediolaterally.  Posteriorly  the 
surface  is  smooth  and  rounded,  more  anteriorly  it  is  somewhat 
flattened.  The  maximum  width  between  the  lateral  margins  of  the 
alveolar  processes  at  the  level  of  the  molar  teeth  is  60  mm.  and  between 
the  medial  margins  in  the  same  plane  26  mm.  Except  the  alveolus 
for  the  left  lateral  incisor  there  is  no  appearance  of  alveoli  for  other 
teeth.  The  alveoli  for  the  lateral  incisors  are  separated  by 
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a  narrow 


The  Calvaria 


ridge  2  mm.  in  anteroposterior,  and  only  5  mm.  in  transverse  diameter, 
of  which  1  mm.  is  occupied  by  the  maxillary  suture  which  is  still 
present.  The  teeth,  except  the  one  which  has  been  accidentally  broken, 
are  well  formed,  strong,  perfect  in  shape,  in  constitution,  and  in 
emplacement.  None  shows  the  least  appearance  of  caries  and  the 
bone  by  which  each  is  surrounded  shows  no  sign  of  quondam  inflamma¬ 
tion.  Another  feature  of  these  teeth,  and  a  very  important  one,  calls 
for  notice.  The  cusps  of  the  teeth  are  perfect  and  the  occlusional 
surfaces  show  no  sign  whatever  of  attrition. 

The  calvaria  (Plate  X.). — The  quadrilateral  portion  removed 
from  the  cranial  vault  includes  the  parietal  tuberosities  laterally,  the 
apex  of  the  interparietal  part  of  the  occipital  squama  posteriorly,  and 
part  of  the  frontal  bone  to  some  40  mm.  anterior  to  the  coronal  suture. 
The  superficial  surface  of  this  segment  has  been  fully  described  in 
norma  verticalis.  The  marginal  sections  show  the  tables  well  developed 
and  well  defined  from  an  average  diploe  which  is  neither  sclerosed  nor 
unduly  close  or  open  in  its  mesh.  The  thickness  of  the  calvaria  varies 
in  the  posterior  horizontal  section  from  4  mm.  laterally  to  10  mm.  at  the 
lambda,  and  in  the  anterior  horizontal  section  from  5  mm.  mesially  to 
8  mm.  laterally.  In  the  lateral  sections  the  posterior  half  varies  in 
thickness  from  3  mm.  to  7  mm.,  while  in  the  anterior  half  a  surface 
irregularity  of  the  inner  table  increases  the  thickness  to  a  maximum  of 
12  mm.  The  diploe  is  locally  sclerosed  at  the  coronal  suture  on  either 
side,  while  anteriorly  it  is  crossed  by  the  persistent  metopic  suture, 
and  posteriorly  the  very  apex  of  the  occipital  wedge  has  dropped  out 
after  division  of  the  bone. 

On  the  inner  table  both  limbs  of  the  coronal  suture,  though 
obliterated  at  parts,  can  be  traced  from  the  cut  margin  to  the 
bregmatic  defect,  the  right  more ’easily  than  the  left ;  the  metopic  suture 
exists  in  its  entirety,  and  from  the  bregmatic  opening  the  sagittal 
suture  passes  posteriorly  without  interruption  for  60  mm.,  and  thereafter 
to  the  lambda  is  synostosed.  The  vascular  grooves  are  deeper  and 
more  numerous  on  the  left  than  on  the  right  side,  especially  in  the 
frontal  area. 

Towards  the  bregmatic  defect  ossification  at  the  inner  table  has 
ceased  earlier  than  ossification  at  the  outer  table  and  so,  beyond  the 
irregular  margins  of  the  inner  table,  the  denticulations  of  the  outer 
table  project,  and  from  this  aspect  of  the  calvaria  form  a  sort  of 
overhanging  shelf.  On  this  account  the  two  tables  appear  somewhat 
independent  of  each  other,  as  if  each  had  been  in  process  of  formation 
on  either  surface  of  a  substantial  membrane  at  a  time  when  further 
ossification  was  arrested. 

The  abnormal  thickness  of  the  anterior  half  of  each  lateral  section 
of  the  calvaria  is  due  to  an  irregular  bone  formation  on  the  inner  table, 
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PLATE  X 


The  intracranial  surface  of  the  bregmatic  portion  of  the  calvaria. 


PLATE  XI 


a  HAT'T  HE  W4>» 

The  anterior  intracranial  fossa,  x  L  showing  inequalities  in  thickness  of  the  cut  margin,  frontal  intracranial 
osteophytes  and  osseous  irregularities  in  relation  to  the  sphenofrontal  suture. 


PLATE  XII 


The  middle  intracranial  fossa,  x  showing  general  irregularity  of  the  surface  and  osseous  over 

growths  in  relation  to  certain  of  the  sutures. 


The  Intracranial  Fossae 


a  variety  of  intracranial  osteophytes.  On  the  right  side  the  irregularity 
commences  7  mm.  posterior  to  the  coronal  suture,  extends  posteriorly 
for  25  mm.  and  branches  medially  for  the  same  distance  over  the 
surface  of  the  parietal  bone.  It  forms  a  granular-looking  raised 
surface  marked  with  closely-set  parallel  ridges  which  run  horizontally. 
Between  it  and  the  sagittal  sulcus  are  three  small  isolated  osteomata 
of  much  the  same  appearance.  On  the  left  side  a  similar  bony  over¬ 
growth  extends  from  the  same  posterior  limit  as  on  the  right  side  and 
reaches  anteriorly  to  the  cut  margin  of  the  frontal  bone.  In  the  main 
the  nodules  are  less  prominent  than  on  the  right  side,  and  though  there 
is  some  ridging  of  their  surfaces,  it  is  not  transverse  nor  is  it  universal. 
Between  this  and  the  sagittal  plane  are  numerous  small  isolated  nodules 
which,  as  on  the  right  side,  are  limited  to  the  parietal  surface. 

The  intracranial  fossae. — In  the  anterior  fossa  (Plate  XI.)  the 
ridges  between  the  convolutionary  impressions  are  unusually  distinct 
and  prominent,  and  there  is  an  extensive  though  patchy  granular 
roughness  which  accentuates  the  irregularity  and  gives  the  surface  an 
ichthyotic  appearance.  With  the  exception  of  each  pars  temporalis  of 
the  corona],  all  the  sutures  are  more  or  less  distinct  on  the  intracranial 
surface  and  can  be  traced  throughout  their  course. 

Starting  26  mm.  superior  to  a  small  foramen  caecum  at  the  crista 
galli,  a  roughly  symmetrical  fine  new  bone  formation  extends  on 
both  sides  of  the  sagittal  sulcus  and  spreads  laterally  and  superiorly, 
covering  the  superior  half  of  the  frontal  squama  and  its  lateral  aspects 
almost  to  the  coronal  suture.  It  is  less  nodular  than  the  usual  intra¬ 
cranial  osteophytes,  and  seems  composed  of  closely  set  vertical  ridges. 
Laterally  where  the  convolutionary  impressions  are  well  developed 
the  new  bone  covers  impartially  the  depths  and  ridges  of  the  hollows, 
and  is  more  developed  in  the  left  than  in  the  right  half  of  the  anterior 
fossa.  The  crista  galli  is  very  thin,  and  the  cribriform  lamina  is 
pierced,  in  addition  to  its  normal  foramina,  by  three  irregular  openings 
which  look  like  artefacts.  Lateral  to  the  jugum  sphenoidale  the 
frontal  side  of  the  sphenofrontal  suture  is  delineated  by  an  elongated, 
raised,  nodular  overgrowth  of  bone  which  has  a  granular  surface. 
The  new  bone  on  the  left  side  forms  a  continuous  ridge  from  the 
commencement  to  the  apex  of  the  small  wing,  but  on  the  right  side  the 
distribution  forms  less  prominent  discontinuous  patches.  The  sulcus 
chiasmatis  is  narrow,  the  anterior  clinoid  processes  somewhat  pointed 
and  horizontal. 

The  hypophysial  fossa  is  small,  symmetrical  and  of  normal 
dimensions  (Fig.  5).  The  floor  of  the  left  middle  fossa  (Plate  XII.) 
is  overlaid  as  high  as  the  squamosal  suture,  with  a  granular  formation 
of  new  bone  which  gives  it  almost  a  shagreen  appearance  in  most  of 
its  extent.  On  the  right  side  the  same  pertains  but  is  much  less 
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developed  and  is  patchy,  being  mostly  in  the  floor  of  the  fossa.  It 
forms  a  little  ridge  along  the  posterior  limit  of  the  right  squamosal 
suture. 

In  the  posterior  fossa  (Plate  XIII.)  the  dorsum  sellse  is  strong  and 
efficient.  The  right  posterior  clinoid  process  has  been  accidentally 
broken  off.  The  posterior  surface  of  the  dorsum  sellse  is  slightly 
rough,  but  this  is  so  usual  in  adult  skulls  as  not  to  be  abnormal.  The 
clivus  is  steep  (Fig.  5).  The  surfaces  of  the  cerebellar  and  cerebral 
fossae  of  the  occipital  bone  are  smooth.  Posteriorly  at  the  junction  of 
the  lateral  margins  of  the  sagittal  sulcus  with  the  superior  margins  of 
the  transverse  sulci,  a  little  heaped-up  new  growth  of  granular  bone 


Fig.  5. — Millimetre-scale  outline  of  the  mesial  intracranial  surface. 


forms  on  each  side  a  sort  of  right-angled  roughness  the  transverse  limb 
of  which  marks  the  limit  of  the  planum  occipitaie.  These  horizontal 
portions  correspond  to  the  transverse  occipital  suture  which  on  the 
intracranial  surface  is  synostosed  and  obliterated. 

The  sagittal  sulcus  passes  into  the  right  transverse  sulcus,  which 
is  continued  normally  as  the  right  sigmoid  sulcus  into  which  the  right 
mastoid  foramen  opens.  The  left  transverse  sulcus  is  very  shallow, 
and  for  the  first  15  mm.  unrecognizable,  but  it  becomes  more  evident 
as  the  sigmoid  sulcus,  on  the  floor  of  which  the  opening  of  the  left 
mastoid  foramen  is  crescent-shaped.  In  the  mesial  plane,  from  the 
internal  occipital  protuberance  a  narrow,  well-defined  and,  for  some 
20  mm.,  a  comparatively  deep  sulcus  passes  downwards,  obviously  for 
the  occipital  sinuses.  From  the  left  margin  of  the  commencement  of 
this  occipital  sulcus,  a  broad,  well-defined  sulcus  passes  obliquely 
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J  he  posterior  intracranial  fossa,  x  j-,  showing  an  aberrant  left  venous  sulcus  and 
bilateral  osseous  accumulations  in  the  posterior  cerebral  fosste. 


Cleidocranial  Dysostosis 

downwards  and  to  the  left,  skirts  the  foramen  magnum,  and  reaches 
the  jugular  foramen  before  debouching  into  which,  it  is  joined  by  the 
left  sigmoid  sulcus. 

Discussion. 

These  anatomical  considerations  show  that  the  skull  is  that 
of  an  adult,  that  it  is  of  less  than  average  size,  and  of  unusually 
small  cranial  capacity  and  that  there  is  no  undue  disproportion 
between  its  facial  and  cranial  component  parts.  The  skull  has 
unusual  developmental  or  phylogenetic  features,  an  embryonic 
malformation,  and  superadded  pathological  peculiarities.  There 
are  therefore  three  aspects  from  which  the  particularities  of 
this  skull  fall  to  be  reviewed  :  the  developmental,  the  biotrophic 
and  the  pathological,  and  the  possible  intercorrelation  of 

these  must  be  considered.  It  will  be  convenient  to  take  the 
dysbiotrophy  first. 

The  skull  presents  a  bregmatic  defect,  an  absence  of  the 
mastoid  processes,  modifications  of  the  mandibular  fossae,  and 
certain  dental  peculiarities,  a  concatenation  of  defects  found, 
and  so  far  as  I  know  only  found,  in  that  affection  known  as 
cleidocranial  dysostosis. 

Cleidocranial  Dysostosis. 

The  literature  of  cleidocranial  dysostosis  is  overwhelmingly 
clinical.  Since  Stocks1  in  1925  collected  reports  of  144  cases, 
some  25  new  cases  fall  to  be  added.  It  is  therefore  com¬ 
paratively  rare.  T ne  affection  seems  to  be  about  twice  as 
common  in  females  as  in  males  and  is  congenital,  familial  and 
hereditary. 

To  the  name  bestowed  on  it  by  Marie  and  Sainton2  in  1897 
exception  has  been  taken  that  the  osteodysplasia  is  not  limited 
to  the  clavicles  and  skull  and  that  the  affection  therefore  merits 
a  more  inclusive  appellation.  The  name  however  continues 
to  receive  general  approval  since  it  is  sufficiently  descriptive 
of  the  outstanding  features  and  no  more  desirable  substitute 
for  “  cleidocranial  dysostosis”  has  been  advanced. 

Though  clavicular  and  cranial  defects,  more  or  less  similar 
to  those  found  in  cleidocranial  dysostosis,  may  occur  separately, 
with  or  without  other  skeletal  abnormalities,  it  is  only  the 
co-existence  of  the  particular  clavicular-bregmatic  deficiencies 
that  justifies  the  inclusion  of  any  individual  case  under  this 
specific  title.  To  particularize  thus  cleidocranial  dysostosis  in 
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its  clinical  aspect  is  to  narrow  its  application  and  to  exclude 
a  number  of  commonly  accepted  cases.  What  is  usually 
referred  to  as  the  earliest  description  of  this  congenital  defect, 
that  published  by  Martin3  in  1765,  describes  only  the  familial 
clavicular  aplasia,  and  no  mention  is  made  of  any  cephalic 
peculiarity,  and  the  same  may  be  said  of  Stahmann’s  4  and  of 
Niemeyer’s5  cases.  With  the  same  criterion  it  is  impossible 
to  classify  the  skeleton  of  a  female,  aged  55  years,  described 
by  Raubitschek6  as  one  of  cleidocranial  dysostosis.  Indeed 
Raubitschek  seems  more  than  doubtful  of  its  ascription  which 
apparently  was  made  by  Kolisko  on  inspection  of  the  skull 
alone.  Bent  and  twisted  bones,  congenital  dislocation  and 
such  defects  of  joints  and  deformation  of  the  pelvic  inlet  as 
this  skeleton  showed,  are  not  evidence  of  cleidocranial  dysos¬ 
tosis,  especially  when  there  is  no  bregmatic  defect  and  the 
clavicles,  fully  formed  though  asymmetrical,  are  “certainly  not 
in  a  rudimentary  state.”  Only  confusion  arises  by  assuming 
this  to  be  a  case  of  cleidocranial  dysostosis  and  utilizing  the 
skull  to  establish  a  type  for  that  affection. 

Reference  to  the  clinical  records  of  cleidocranial  dysostosis 
shows  that  gross  somatic  or  gross  generalized  skeletal  changes 
are  not  characteristic.  Some  gross  concomitant  there  may  be, 
such  as  congenital  dislocation  of  the  hips  or  peculiarities  of  the 
pelvis,  but  in  all  these  cases,  apart  from  certain  secondary 
features  most  of  which  are  only  recognizable  in  the  macerated 
skeleton,  the  essential  defect — cleidocranial  —  is  never  sub¬ 
ordinate,  it  is  constantly  predominant,  specifies  the  affection 
and  justifies  the  appellation. 

This  is  not  meticulous  criticism  but  is  necessary  if  any 
generalization  is  to  be  attempted.  Deductions  from  clinical 
reports  of  cleidocranial  dysostosis  cannot  be  otherwise  than 
vague,  for  the  majority  of  the  cases  described  are  of  children 
and  adolescents  in  whom  the  natural  immaturity  is  exaggerated 
by  the  pathognomonic  delayed  development.  The  clinical 
aspect  of  cleidocranial  dysostosis  has  been  summarized  by 
Couvelaire,7  Fitzwilliams,8  Fitchet9  and  others,  and  the 
hereditary  attribute  discussed  by  Gegenbaur,10  M‘Curdy  and 
Baer,11  Stocks,1  and  Valentin.12 

It  is  not  necessary  to  recapitulate  the  findings  of  these 
writers.  Suffice  it  to  say  that  the  subjects  of  cleidocranial 
dysostosis  are  generally  under  average  size,  but  they  are  by 
no  means  dwarfs.  Children  or  adults  thus  affected  would  pass 
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unnoted  among  their  fellows.  The  existence  of  occasional 
concomitant  congenital  defects  in  cleidocranial  dysostosis 
merely  accords  with  the  well-established  observation  that 
developmental  departure  from  the  normal  is  seldom  confined 
to  one  particular  part  or  structure.  It  is  noticeable  that  an 
acrodysplasia,  of  which  the  cephalic  deformity  is  but  a  part, 
occurs  in  cleidocranial  dysostosis  and  is  evidenced  by  deformities 
of  the  hands  and/or  feet,  disturbance  in  length  of  the  fingers 
and  toes  and  especially  of  the  halluces,  and  in  departure  from 
type  of  the  phalanges.  Of  special  interest  perhaps  is  the 
deficient  pubic  symphysis,  described  and  figured  by  Paltauf,13 
and  this  is  associated  with  a  general  hypoplasia  of  the  ossa 
innominata  and  sometimes  admits  of  such  unusual  freedom  of 
movement,  as  in  the  opinion  of  Crouzon,14  to  justify  its 
description  as  a  special  form,  dysostose  cleidocranio-pelvienne. 

As  regards  the  cephalic  deformity,  clinical  observation  is 
not  altogether  in  accord  with  the  features  claimed  by  those 
who  have  studied  the  macerated  skull.  Thus,  though  it  is 
frequently  noted  that  the  cranium  is  of  good  size,  rounded, 
brachycephalic,  and  with  an  increased  bitemporal  diameter, 
the  forehead  full  and  the  frontal  tuberosities  apparent,  it  is 
not  noted  clinically  that  the  face  is  disproportionately  small. 
Almost  all  cleidocranial  dysostotic  individuals  have  a  degree 
of  prognathism  from  protrusion  of  the  mandible,  and  perhaps 
this  gives  a  flattened  appearance  to  the  face. 

Few  of  these  cases  come  to  timely  post-mortem  examination, 
for  the  affection  does  not  interfere  with  longevity,  and  every 
post-mortem  record  is  inadequate  and  unsatisfactory  in  which 
there  is  not  maceration  of  the  skeleton.  A  brief  reference  to 
the  post-mortem  examinations  shows  how  devoid  they  are  of 
anatomical  facts  and  measurements. 

I.  The  case  of  a  cleidocranial  dysostotic  male,  39  years  of  age, 
was  reported  in  1897  by  Marie  and  Sainton.2  He  was  undersized  and 
fat,  had  a  large  head  with  prominent  parietal  tuberosities.  There  was 
a  right  deviation  of  the  nose,  prognathism  from  inferior  protrusion, 
irregular  teeth,  a  patent  anterior  fonticulus,  posterior  cleft  palate,  and 
clavicular  aplasia,  and  he  was  then  the  subject  of  right  hemiplegia. 
Thirteen  years  later  he  died  and  the  post-mortem  appearances  are 
recorded  by  Roussy  and  Ameuille.15  The  anterior  fonticulus  was 
widely  open,  and  closed  by  a  membrane  to  which  was  not  strongly 
adherent  either  the  pericranium  or  the  dura  mater.  There  were 
Jambdoid  and  sagittal  sutural  bones.  The  skull  was  brachycephalic, 
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the  transverse  exceeding  the  sagittal  diameter  by  5  mm.  The 
sphenooccipital  synchondrosis  made  a  very  distinct  salient  where 
was  situated  a  small  bony  tumour.  The  mastoid  processes  were  very 
small.  There  was  distinct  prognathism  and  much  dental  irregularity. 
Each  zygomatic  arch  had  a  hiatus  of  about  8  mm.  The  nasal  bones 
were  narrow;  the  palate,  ogival.  Only  the  middle  63  mm.  of  the  right 
clavicle  were  osseous,  either  extremity  being  represented  by  a  fibrous 
band ;  the  left  clavicle  was  the  more  normal,  but  its  medial  extremity 
was  absent  and  there  was  no  interclavicular  ligament.  On  the  left 
side  the  muscles  were  normal,  on  the  right  side  the  sternocleidomastoid, 
the  trapezius,  deltoid  and  great  pectoral  were  attached  partly  to  the 
bony  and  partly  to  the  fibrous  portions  of  the  clavicle,  and  the  right 
subclavius  muscle  was  particularly  well  developed.  The  articular 
surfaces  of  the  right  scapulohumeral  articulation  were  small  in 
comparison  with  those  of  the  left.  The  brain  corresponded  in  shape 
to  the  brachycephalic  skull,  and  in  the  spinal  cord  was  a  very  definite 
syringomyelia.  There  is  nothing  in  this  to  aid  a  visualization  of  the 
anatomical  features  of  the  skull. 

II.  In  1907,  Voisin,  de  Lepinay,  and  Infroit  described16  as  a 
case  of  cleidocranial  dysostosis  that  of  a  female,  aged  16,  who  was 
alleged  to  have  had  meningitis  twelve  years  previously.  She  was 
undersized ;  had  a  kyphoscoliosis,  with  deformity  of  the  thorax, 
goggle-eyes,  a  long  nose  and  large  mouth.  The  fonticuli,  the  sagittal, 
metopic  and  lambdoid  sutures  were  imperfectly  closed,  and  the  frontal 
tuberosities  were  prominent  and  separated  by  a  groove.  Dentition 
was  irregular  and  the  teeth  ill-formed.  The  clavicles  were  represented 
by  small  middle  portions  but  no  undue  approximation  of  the  shoulders 
was  possible.  There  was  bilateral  posterior  dislocation  of  the  radii  at 
the  elbow  joints.  Each  femoral  diaphysis  had  an  anterior  convexity, 
the  tibiae  were  slightly  bent,  and  each  limb  participated  in  genu  valgum. 

This  individual  died  at  the  age  of  31  years,  and  the  post-mortem 
findings  are  reported  by  Leri  and  Tretiakoff17  and  the  case  referred 
to  by  Leri  elsewhere.18  The  cranial  vault  was  in  great  part 
membranous,  and  in  the  membrane  were  many  osseous  lamellae  of  a 
2  mm.-thick  diploe  between  two  thin  tables  of  bone.  The  metopic 
suture  formed  a  narrow  fissure  while  the  sagittal  suture  was  widely 
open,  as  was  the  lambdoid  suture,  there  being  scarcely  any  occipital 
squama.  The  squamous  was  not  united  to  the  petrous  portion  in 
either  temporal  bone.  The  dura  mater  was  very  adherent  and  quite 
inseparable  from  the  membrane  in  the  calvaria.  The  brain  was 
misshapen  in  accordance  with  the  cranial  deformity,  and  there  was  a 
basilar  kyphosis.  The  leptomeninges  were  thickened.  The  occipital 
area  of  the  right  cerebral  hemisphere  showed  a  large  and  a  smaller 
cyst,  with  evidence  of  old  haemorrhage  in  their  fluid  content. 
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The  rudimentary  clavicles  were  each  composed  of  a  middle  portion, 
a  shell  of  compact  bone  the  size  of  a  goose-quill,  in  the  interior  of 
which  were  hardly  any  osseous  or  fibrous  trabeculae.  On  the  right 
this  portion  measured  11*5  mm.  and  on  the  left  20-5  mm.  in  length. 

Leri  and  Tretiakoff  deduce  from  this  investigation  that  cleidocranial 
dysostosis  is  an  inflammatory  process,  probably  infectious,  originating 
towards  the  end  of  the  second  month  of  intra-uterine  life.  They 
claim  that  the  syringomyelia  of  Marie  and  Sainton’s  case  supports 
his  conclusion  and  that  additional  evidence  is  supplied  by  the  bilateral 
presence  of  a  single  cyst  in  the  inferior  frontal  convolutions  of  the 
cerebrum  of  a  cleidocranial  dysostotic  male,  aged  56  years,  recorded  by 
Scheuthauer.19  Attribution  of  the  deformity  to  such  an  accidental 
occurrence  as  “infection,”  ipso  facto  denies  the  heredity  which  is 
universally  admitted  in  cleidocranial  dysostosis,  and  such  attribution 
is  incompatible  with  the  clinical  and  radiographic  observations  made 
during  life  in  other  typical  cases  of  the  malformation,  where  the 
general  health  and  well-being  of  the  individuals  were  in  no  way 
affected. 

III.  Laverty20  has  recorded  cleidocranial  dysostosis  in  a  female, 
aged  34  years,  suffering  from  partial  dementia,  and  who  died  four 
years  later.  The  condition  of  the  meninges  and  brain  are  ascribed  by 
Stewart21  to  “a  morbid  process  sustained  during  intra-uterine  life,” 
but  these  pathological  changes  are  related  to  the  neuromuscular 
condition  and  are  entirely  independent  of  the  skeletal  defect. 

These  cases  are  referred  to  in  order  to  emphasize  that  the 
contained  descriptions  of  the  skulls  are  wholly  deficient  in 
anatomical  detail.  The  inferences  drawn  from  these  post¬ 
mortem  examinations  are  therefore  inadmissible  in  relation  to 
the  osteodystrophy.  Without  maceration  of  the  skull  a  minute 
description  of  its  anatomical  features  is  quite  impossible,  and 
for  comparison  and  the  construction  of  a  cephalic  type  of 
cleidocranial  dysostosis  these  reports  are  of  no  more  assistance 
than  are  the  heads  of  indubitable  examples  observed  clinically. 

Turning  to  the  skulls  described,  literature  is  almost  as 
barren  as  are  clinical  material  and  autopsies  of  anatomical 
detail  on  which  to  construct  for  comparison  a  type  of 
cleidocranial  dysostotic  skull.  - 

I.  In  1812,  as  a  “cretin,”  an  appellation  which  a  century  ago  was 
used  indiscriminately  by  Continental  writers  to  cover  a  variety  of 
cranial  abnormalities,  Prochaska23  described  the  skull  and  some  of 
the  bones  of  a  male  aged  33  years.  There  was  a  large  open  anterior 
fonticulus  with  a  metopic  deficiency  extending  from  the  bregma  to 
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within  40  mm.  of  the  nasion,  and  the  clavicles  were  rudimentary, 
represented  only  by  small  medial  portions,  and  looked  like  false  ribs. 
Besides  this  combination,  the  sine  qua  non  of  cleidocranial  dysostosis, 
there  was  bilateral  congenital  dislocation  of  the  hips  and  the  spinous 
processes  of  all  the  thoracic  vertebrae  were  ununited  mesially  though 
the  halves  were  closely  approximated.  Numerous  sutural  bones 
occupied  broad  squamosal  sutures  and  were  present  in  the  lambdoid 
suture. 

II.  Manouvrier,22  in  a  paper  on  variations  of  the  ossa  nasi  published 
in  1893,  briefly  describes  a  skull  from  the  anthropological  laboratory  of 
Paris.  Its  many  anomalies  were  not  claimed  by  Manouvrier  to  be  those 
of  cleidocranial  dysostosis  but  the  combination  is  very  suggestive  in 
spite  of  the  fact  that  the  calvarial  hiatus  is  metopic  and  not  at  the  bregma. 
The  sex  of  the  skull  is  not  known,  but  from  the  condition  of  the  molar 
teeth,  the  thickness  of  the  skull-bones  and  the  synostosis  of  the  spheno¬ 
occipital  synchondrosis,  it  seemed  to  Manouvrier  to  be  that  of  an  adult. 
ITe  details  the  following  defects.  There  is  hypoplasia  of  the  maxillse 
and  mandible,  no  part  of  which  has  its  full  development.  Almost  all 
the  teeth  in  both  jaws  remain  unerupted  in  imperfectly  formed  alveolar 
processes.  Several  teeth  occupy  the  mandibular  rami  and  some  even 
appear  at  the  inferior  border  of  the  mandible.  The  alveolar  margin 
of  the  maxillae  is  level  with  the  oral  surface  of  the  palate  and  exposes 
several  imperfectly  developed  teeth.  Four  molar  teeth  only  are 
present  and  they  show  considerable  attrition. 

The  zygomatic  bones  are  hypoplasic  and  divided  by  a  transverse 
suture.  The  zygomatic  arches  are  incomplete.  Inferiorly  and  laterally 
the  orbital  margins  are  ill-formed. 

A  persistent  metopic  suture  is  interrupted  at  the  level  of  the  frontal 
tuberosities  by  a  large  opening  which  is  prolonged  superiorly  as  a 
gradually  narrowing  fissure  as  far  as  the  bregma,  though  there  is  no 
proper  bregmatic  fonticulus. 

The  temporal  bones  are  rudimentary  and  their  component  parts 
are  not  united.  The  parietal  bones  are  well  developed  and  an  unusual 
thickness  of  their  tuberosities  gives  the  skull  a  natiform  appearance. 
Two  large  sutural  bones  lie  in  the  sagittal  and  many  in  the  lambdoid 
suture.  The  basilar  process  forms  a  right  angle  at  the  spheno-occipital 
junction. 

The  cranial  capacity  is  below  the  average.  The  length  of  the  skull 
is  173  mm.,  the  maximum  transverse  diameter  162  mm.  and  the  brachy- 
cephalic  index  is  93-6,  while  a  basi-bregmatic  diameter  of  113  mm. 
gives  the  chamaecephalic  altitudinal  index  of  65-3.  The  minimum 
frontal  diameter  is  106  mm. 

Though  doubtless  adequately  represented  in  membrane,  the  lacrimal 
bones  are  absent  as  also  are  the  nasal  bones,  thus  exposing  anteriorly 
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part  of  the  perpendicular  lamina  of  the  ethmoid  bone.  The  inter¬ 
orbital  width  is  much  increased,  giving  the  skull  a  somewhat  hyperteloric 
appearance. 

In  view  of  these  biotrophic  defects  this  skull  cannot  be  excluded 
from  the  cleidocranial  dysostotic  category  merely  because  the  calvarial 
deficiency  is  metopic  and  not  more  strictly  bregmatic. 

III.  In  1895  Romiti, 24  quoted  by  Stocks,1  described  the  skull  of  a 
Bolivian  adult  male  in  which  the  anterior  fonticulus  was  open,  as  was 
also  the  entire  metopic  suture.  The  face  was  relatively  short  and  small, 
the  mandibular  rami  undersized,  the  zygomatic  arches  imperfect,  the 
orbits  high,  the  palate  high  and  grooved,  the  lacrimal  bones  fused 

with  the  maxillae,  and  the  nasal  bones  and  the  maxillary  air-sinuses 
small. 

IV.  In  1899  Terry25  described  the  axial  skeleton  of  an  apparently 
very  aged  female  of  small  stature,  a  dissecting-room  subject,  some 
note  of  whose  peculiarities  had  been  already  mentioned  by  Todd.26 
The  skeleton  had  not  been  prepared  by  maceration  but  is  a  “natural” 
one,  that  is  to  say,  the  individual  bones  were  held  together  by  the 
periosteum  and  ligaments  and  this  undoubtedly  obscured  some  of  their 
individual  detail  and  especially  of  the  joints.  All  the  bones  were  light 
and  friable,  probably  from  generalized  disuse  decalcification. 

The  cranium  was  broad  and  the  skull  cryptozygous.  The  zygomatic 
arches  were  defective  in  ossification.  The  middle  two-fourths  of  the 
metopic  suture  were  widely  apart.  The  frontal  tuberosities  were 
prominent.  Each  parietal  bone  was  divided  by  an  adventitious  suture  • 
from  the  lambda  to  the  pterion  on  the  right,  and  from  the  middle  of 
the  left  limb  of  the  lambdoid  suture  to  the  pterion  on  the  left  side. 
Two  small  sutural  bones  occurred  about  the  middle  of  the  sagittal 
suture,  and  several  larger  in  the  left  limb  of  the  lambdoid  suture. 
The  squamous  and  mastoid  portions  of  each  temporal  bone  were  very 
small  and  the  mastoid  processes  were  ill-developed,  each  measuring 
10  mm.  in  vertical  diameter.  The  orbits  were  large,  high,  and  nearly 
square,  and  the  nasal  bones  short  and  more  vertical  than  normal. 
The  vomer  was  “absent.”  The  incisive  foramen  was  large  and  the 
posterior  nasal  spine,  bifid.  The  palate  measured  some  42  mm. 
sagittally  and  reached  44  mm.  in  width.  The  mandible  was  large  and 
prognathic.  The  condyles  were  rough  and  irregular,  the  mandibular 
notches  narrow,  and  the  coronoid  processes  slender.  At  the  junction 
of  the  ramus  with  the  body  of  the  mandible  a  right  molar  tooth  was 
embedded  and  “partially  exposed.”  Two  teeth '.in  the  neighbourhood 
of  the  left  mental  foramen  were  “just  visible.”  Of  one  large  premolar 
projecting  from  the  maxilla  on  the  right  side,  the  crown  was  worn, 
and  anterior  to  this  was  a  tooth  of  similar  shape  partly  lodged  in  the 
bone  and  resting  on  its  facial  side. 
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Each  clavicle  was  a  slender  spicule  of  bone  representing  only  its 
medial  portion.  The  right  measured  47  mm.,  and  the  left  49  mm. 
in  length,  and  each  was  continued  to  the  acromion  by  a  fibrous 
extension. 

The  pelvis  was  “compressed  laterally.” 

The  cephalic  index  of  this  skull  was  86-78,  brachycephalic ; 
the  altitudinal  index  67-81,  chamsecephalic ;  the  nasal  index  53-65, 
platyrhine;  the  orbital  index  125,  megaseme,  and  an  estimated  upper 
facial  index  39-29.  “It  may  be,”  writes  Terry,  “that  the  maxilla  has 
never  had  an  alveolar  arch,”  and  the  same  applies  to  the  mandible. 
“It  will  be  noted,”  he  adds  later,  “that  the  area  of  origin  of  the 
muscles  of  mastication  is  small  and  defective.”  When  the  coronoid 
processes  of  the  mandible  touched  the  temporal  bones  the  body  of 
the  mandible  was  nearly  horizontal,  and  a  gap  existed  between  the 
jaws,  which  could  be  diminished  by  making  the  lower  jaw  pivot 
upon  the  tips  of  the  coronoid  processes  received  into  shallow  fossae 
on  the  squamous  portions  of  the  temporal  bones,  and  this  caused  the 
condyles  to  glide  forward  over  the  articular  tubercles.  “In  fact  the 
tubercles  and  the  condyles  themselves  are  correspondingly  worn  away.” 

There  is  no  doubt  that  this  is  the  skull  of  cleidocranial  dysostosis, 
an  open  anterior  fonticulus,  defective  mastoid  processes,  modification 
of  the  mandibular  fossae,  and  delayed  and  anomalous  development 
of  the  teeth. 

V.  Perhaps  Hultkrantz  27,  28,  29,  more  than  any  other  individual 
has  made  a  serious  attempt  to  prefer  a  type  of  the  cleidocranial 
dysostotic  skull.  He  examined  the  then  available  skulls,  six  in  number, 
of  which  three  had  already  been  described,  and  considered  the 
published  records  of  three  others ;  truly  a  small  number  on  which  to 
generalize. 

The  cephalic  index  of  these  crania  averaged  87-3  and 
the  altitudinal  index  71-45.  Hultkrantz  notes  that  though 
generally  the  skull  is  brachycephalic  he  has  met  with  mesati- 
cephalic  heads  in  living  examples,  and  in  one  individual  the 
cephalic  index  was  only  72-9,  a  distinctly  dolichocephalic 
measurement.  All  the  skulls  have  a  low  basi-bregmatic 
diameter,  and  Hultkrantz  points  out  that,  contrary  to  general 
belief,  none  is  of  undue  width  though  the  proportion  between 
length  and  width  is  more  nearly  equal  than  in  normal  European 
skulls.  The  cranial  vault  is  flattened,  the  forehead  generally 
square  and  full,  under  which  the  nasion  often  appears  indrawn, 
and  the  frontal  tuberosities  well  developed,  but  these  last 
features  are  not  invariable.  Each  skull  showed  approximation 
of  the  inferior  parts  of  its  lateral  wall,  small  temporal  bones 
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with  their  squamous  portions  thus  tilted  obliquely  and  presenting 
a  rough  supeificial  surface  with  thickened  borders  and  each 
separated  from  the  mastoid  portion  by  a  persistent  suture.  In 
all  but  one  there  was  an  open  anterior  fonticulus,  and  in  the 
exception  the  metopic  and  sagittal  sutures  were  closed  but 
irregularly.  The  margin  of  the  open  fonticulus  is  always  thin, 
more  or  less  striated  or  denticulated  and  depressed,  and  all  of 
the  skulls  had  large  mastoid  foramina.  Hultkrantz  insists  on 
the  multiplicity  of  sutural  bones  in  these  skulls,  especially  in 
the  lambdoid  suture. 

The  cranial  base  is  diminished  in  its  transverse  diameter. 
The  squama  of  the  occipital  bone  passes  more  deeply  below  the 
horizontal  base-line  than  usual  giving  to  the  opisthiobasion 
diameter  an  obliquity  that  directs  the  foramen  magnum 
forwards  and  downwards  instead  of  directly  downward s,  and 
Hultkrantz  points  out  that  the  occipital  condyles  articulate 
with  the  atlas  only  by  their  posterior  halves. 

In  the  Helsingfors’  skull  which  Hultkrantz  was  the  first  to 
describe  there  were  neither  frontal  nor  mastoid  air-sinuses,  and 
he  adds  that  of  the  five  Vienna  cleidocranial  dysostotic  skulls 
none  had  frontal  air-sinuses  and  all  the  other  air-sinuses  were 
exceptionally  small. 

As  regards  the  facial  bones  they  are  as  a  rule  poorly 
developed,  especially  the  nasal,  lacrimal,  and  zygomatic  bones. 
It  is  particularly  in  the  inferior  part  of  the  face  that  the 
disproportionate  development  is  most  evident  and  the  defect 
is  rendered  more  obvious  by  the  prognathism  of  the  mandible 
should  that  bone  have  been  preserved.  The  palate,  Hultkrantz 
says,  is  narrow  but  is  by  no  means  high.  The  rami  of  the 
mandible  are  short  and  appear  underdeveloped,  while  the  body 
of  the  bone  is  thick  and  large  and  the  alveolar  part  small.  A 
notable  exception  to  this  is  the  Helsingfors’  skull  for,  though 

of  a  peasant  59  years  of  age,  the  mandible  had  the  dimensions 
of  that  of  a  child  of  eight  years. 

,VL  A  good  anatomical  and  anthropometrical  description  of  a 
cleidocranial  dysostotic  skeleton  is  given  by  Paltauf.13  It  was  of 
a  male,  aged  25  years,  who  died  of  tuberculous  meningitis.  The 
existence  of  the  skeletal  defect  was  known  before  the  fatal  illness 
and  had  been  briefly  described  by  Fuchs  30  two  years  earlier.  There 
was  no  known  heredity.  The  man  was  intelligent  and  the  clavicles 
were  represented  only  by  short  sternal  extremities.  There  was  slight 
lordosis  and  bilateral  genu  valgum. 
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The  skull  was  large  and  had  a  hydrocephalic  appearance  with 
prominent  frontal  tuberosities  and  a  patent  anterior  fonticulus.  The 
circumference  of  the  skull  was  590  mm.,  its  length  195  mm.,  and 
its  maximum  breadth  170  mm.  The  cranial  sutures  lacked  denticula- 
tions  and  the  temporal  squamae  were  replaced  by  sutural  bones. 
Indeed  the  number  of  sutural  bones  in  the  squamosal  and  lambdoid 
sutures  made  the  reconstruction  of  the  skull  after  maceration  “not 
very  successful.”  The  zygomatic  processes  of  the  temporal  bones 
were  defective  and  the  skull  was  asymmetrical.  The  clivus  was  steep 
and  the  foramen  magnum,  which  was  diamond-shaped,  had  an  anterior 
orientation.  The  petromastoid  sutures  were  not  closed  and  the 
mastoid  processes  were  developed  as  “high  compact  crests”  and  the 
styloid  processes  as  “sharp  crests.”  The  foramen  spinosum  and 
the  carotid  canal  were  imperfect  and  communicated  with  the  foramen 
ovale  and  a  large  foramen  lacerum  respectively.  The  articular  tubercle 
in  each  temporal  bone  formed  a  sharply  rounded  crescent  towards  the 
mandibular  fossa.  The  alveolar  processes  were  absent,  their  posterior 
limit  being  indicated  by  a  tooth  embedded  in  the  bone.  The  palate 
was  small  in  area  and  the  choanse  narrow.  Intracranial  inspection 
of  the  skull  base  showed  very  distinctly  that  the  left  side  was  more 
capacious  than  the  right.  The  orbits  were  high  but  comparatively 
small  and  narrow.  Both  lacrimal  bones  were  absent  and  the  nasal 
bones  were  rudimentary.  The  maxillary  air -sinuses  were  poorly 
developed.  The  5  mm. -long  anterior  nasal  process  was  bifid  by  the 
still  open  suture. 

Of  the  maxillary  teeth  the  central  incisors  were  6  mm.  apart 
medially,  the  teeth  were  irregularly  placed,  and  only  two  molar,  one 
premolar,  one  canine,  and  the  four  incisor  teeth  had  erupted,  the 
others  being  buried  in  the  bone. 

The  mandible,  as  a  whole,  and  the  condyles  were  small,  and  on 
closing  the  mouth  the  coronoid  process  on  each  side  pressed  against 
the  squama  of  the  corresponding  temporal  bone.  Here  again  the 
teeth  were  irregular,  some  were  carious,  others  unerupted. 

VII.  The  communication  by  Scheuthauer 19  I  have  been  unable 
to  consult.  Both  the  skulls  he  therein  described  are  in  the  Vienna 
museum  and  were  re-examined  by  Hultkrantz  and  are  included  in 
his  paper.  Both  are  undoubtedly  genuine  cases  of  cleidocranial 
dysostosis,  one  of  a  male  aged  56  and  the  other  of  a  male  estimated 
at  60  years  of  age.  Each  of  these  skulls  had  a  steep  clivus  and  the 
foramen  magnum,  in  consequence,  an  obliquely  anterior  orientation. 

These  then  are  the  known  skulls  of  apparently  indubitable 
cleidocranial  dysostosis  in  which  inspection  permitted  a  fuller 
anatomical  investigation  than  is  possible  at  an  autopsy.  They 
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are  few  in  number  and  it  is  disappointing  that  from  them  no 
very  distinct  type  emerges.  It  is  clear  enough,  however,  that 
in  cleidocranial  dysostosis  there  is  on  the  one  hand  what  may 
be  called  the  primary  or  specific  dysbiotrophy,  and  on  the  other 
hand  a  secondary  or  generalized  osteodysplasia.  The  primary 
error  is  constant  though  varying  in  degree,  the  secondary 
changes  are  quite  subordinate  and  though  many  of  them  are 
striking  enough,  they  are  not  the  prerogatives  of  cleidocranial 
dysosuosis.  The  primary  developmental  error  concerns  the 
clavicles  and  the  membrane-developed  bones  of  the  skull.  The 
secondary  osteodysplasia  is  generalized  and  very  variable ;  of 
this  some  mention  has  already  been  made  and  briefly  in  relation 
to  the  skull  affection  will  it  be  referred  to  again. 

The  selective  localization  of  the  primary  error  is  not  fortuitous 
but  results  from  a  similarity  of  development  of  the  parts  con¬ 
cerned,  the  clavicles,  the  calvaria,  and  the  mandibular  condyles. 
Neither  the  clavicles  nor  mandible  of  this  skull  are  available, 
but  it  is  ceitain  from  a  study  of  the  mandibular  fossae  that  the 
mandibular  condyles  were  quite  abnormal  in  shape  and  function. 

Development  of  the  parts  concerned. — In  the  condensation 
of  mesenchyma  that  marks  out  the  site  of  the  future  clavicle 
two  ossific  centres,  the  medial  being  the  larger,  appear  on  the 
39th  day  after  impregnation  deep  within  the  substance  and  one 
on  either  side  of  the  middle  of  the  mesenchymal  rod.  By  the 
49th  day,  according  to  Mall,31  these  centres  fuse  to  constitute  a 
single  bone  2  mm.  in  length.  Though  the  centre  of  ossification 
for  the  mandible  appears  almost  synchronously  with  those  for 
the  clavicles,  an  ossific  centre  is  not  observed  in  the  supra- 
occipital  until  the  5  5th  day,  nor  in  the  parietal  and  frontal  bones 
until  the  56th  day.  If  these  calvarial  bones  are,  in  cleidocranial 
dysostosis,  affected  as  seems  highly  probable  in  virtue  of  their 
membranous  origin  there  are  other  bones  than  the  frontal, 
parietals  and  supra-occipital  which  ought  to  come  under  the 
same  influence.  These  are  succinctly  specified  by  Keibel  and 
Mall  as  the  nasal  and  lacrimal  bones,  the  maxillae  and 
zygomatic  bones,  the  squamous  portions  of  the  temporal  bones 
with,  of  couise,  their  zygomatic  processes,  the  tympanic  ring  of 
each  tempoiai  bone,  the  medial  laminae  of  the  pterygoid  processes 
of  the  sphenoid  bone  except  the  hamulus  of  each,  the  vomer 
and  the  palatine  bones.  But  this  is  not  all  as  regards  the 
sphenoid  for,  as  Fawcett 73  writes,  “  The  whole,  practically,  of 
the  orbital  plate  and  that  part  of  the  sphenoid  which  is  found 
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in  the  temporal  fossa,  are  at  this  time  (i.e.,  So  mm.  embryo) 
membranous  and  will  later  be  ossified  ectochondrally,”  and  to 
this  Keibel  and  Mall  add  the  parts  around  the  foramen  ovale 
and  foramen  spinosum. 

Here  are  many  areas  then  in  which  departure  from  the 
normal  might  be  expected  in  cleidocranial  dysostosis.  Such 
expectation  is  realized  in  the  perusal  of  the  published  accounts 
of  cleidocranial  dysostotic  skulls.  All  parts  are  not  necessarily 
affected  and  certainly  not  to  an  equal  degree,  but  the  parts 
mainly  involved  are  the  temporal  squamae,  the  zygomatic 
arches  and  the  interparietal  portion  of  the  occipital  bone. 

That  the  calvaria  and  the  body  of  the  clavicle  should  be 
associated  in  a  dysostosis  suggests  a  similarity  of  origin.  It 
was  at  one  time  generally  accepted  that  the  clavicle  was 
developed  in  membrane.  Further  investigation  showed  that 
this  was  not  wholly  true  and  the  clavicle  was  then  regarded  as 
of  mixed  origin,  the  body  of  the  clavicle  being  akin  in  its 
development  to  membrane  -  developed  bones,  its  extremities 
preceded  by  chondrifi cation.  It  cannot  be  gainsaid  that  many 
anatomical  perplexities  and  developmental  difficulties  are  helped 
to  a  solution  by  a  study  of  pathological  conditions,  and  it  seems 
as  if  cleidocranial  dysostosis  might  be  of  such  service.  Mall  does 
not  say  definitely  that  the  clavicle  is  “  laid  down  ”  in  membrane 
but  he  pointed  out,  and  seven  years  later  Fawcett  corroborated, 
that  the  preosseous  tissue  of  the  clavicle  is  not  ordinary  cartilage 
but  a  peculiar  kind  of  cartilage  which  is  granular  in  appearance 
between  the  cells.  According  to  Fawcett32  the  mesenchymal 
concentration  which  defines  the  site  of  the  future  clavicle  is 
replaced  by  a  peculiar  precartilaginous  tissue  which  undergoes 
direct  central,  ossification  ;  but  laterally  and  medially,  as 
ossification  spreads,  cartilage  cells  appear  and  undergo  the 
usual  replacement  by  bone  as  occurs  in  other  long  bones. 

Such  an  opinion  is  strongly  supported  by  Hanson,33  who 
concludes :  “  The  fact  that  the  cells  in  the  early  clavicles  are 
clearly  not  hyaline  cartilage  cells,  but  a  peculiar  tissue  of  which 
little  seems  to  be  known  .  .  .  apparently  indicates  that  there 
are  pretty  solid  grounds  for  considering  the  human  clavicle  to 
be  a  purely  dermal  bone.” 

It  may  be  pointed  out  that  primary*  septic  and  tuberculous 

*  “Primary”  is  a  relative  term  and  here  indicates  that  the  involvement 
is  not  a  contact  infection  of  the  periosteum  or  bone  from  an  immediately 
adjacent  focus. 
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affections  are  far  less  common  of  the  clavicle  than  of  the  other 
long  bones  of  the  skeleton,  there  is  not  the  same  marrow-cavity 
in  the  clavicle  as  in  the  other  long  bones — and  the  course  of 
these  diseases  differs  in  the  clavicular  affection  from  the  course 
they  pursue  in  other  long  bones.  Similar  peculiarities  are 
characteristic  of  the  membrane-developed  bones  of  the  calvaria 
where  primary  sepsis  or  tuberculosis  is  of  the  rarest  occurrence 
and  even  spread  from  the  neighbouring  accessory  frontal  or 
other  air-sinuses  is  quite  uncommon.  Extension  of  suppuration 
from  an  infected  air-sinus,  under  the  periosteum  and  to  a  less 
extent  epidurally,  may  deprive  an  osseous  squama  of  its  nutrition 
and  bring  about  necrosis,  but  the  sequestrum  is  almost  always 
of  limited  extent.  This  modification  of  an  infective  process  is 
comprehensible  since  the  diploe  has  no  analogy  with  the  marrow 
cavity  of  long  bones  nor  with  the  cancellated  interior  of  short 
bones,  but  is  anatomically,  physiologically  and  functionally  an 
entirely  different  structure. 

Between  the  mandible  and  the  clavicle  there  is  embryo- 
logical  affinity  in  that  the  great  mass  of  each  half  of  the 
mandible  is  of  bone  formed  in  membrane  in  relation  to  Meckel’s 
cartilage,  which  does  not  itself  undergo  ossification.  It  is  also 
possibly  significant  in  regard  to  cleidocranial  dysostosis  that 
ossification  of  the  clavicle  and  mandible  are  almost  synchronous, 
the  ossification  of  the  clavicle  preceding  that  of  the  mandible 
it  may  be  only  by  a  few  hours.  The  extremities  of  the  clavicle 
are  developed  from  cartilage,  and  in  the  mandible,  while  there 
is  found  some  cartilage  at  the  site  of  the  future  symphysis  menti, 
the  appearance  of  cartilage  precedes  the  neck  and  condyle  of 
the  mandible  and  the  coronoid  process.  In  the  50  mm.  embryo 
or  even  earlier  according  to  Fawcett,34  in  the  55  mm.  embryo 
according  to  Low,35  cartilage  is  present  at  the  condyle.  The 
cartilage  is  definitely  hyaline  according  to  Low  in  the  60  mm. 
embryo,  and  in  the  95  mm.  embryo  it  is  covered  with  peri¬ 
chondrium,  while  in  the  130  mm.  embryo  ossification  from 
the  membrane-developed  neighbouring  bone  is  invading  and 
replacing  the  condylic  cartilage.  In  a  personal  communication 
on  the  subject  from  Professor  Fawcett  he  states,  “  In  all  my 
writings  concerning  the  development  of  the  clavicle,  of  the 
mandible,  of  the  maxilla  and  of  the  hamulus  of  the  medial 
pterygoid  lamina  of  the  sphenoid,  I  have  alluded  to  the 
cartilage  as  being  of  a  peculiar  character.  Although  it  is 
difficult  to  say  what  the  difference  is,  it  is  quite  different  in 
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appearance  in  the  early  stages  from  the  ordinary  cartilage  in 
endochondral  ossification.  As  chondrification  advances,  the 
cartilage  assumes  an  appearance  more  like  that  found  in 
ordinary  cartilage  bones.”  The  pseudocartilage  appears  to 
bear  closer  relation  to  membrane  than  to  hyaline  cartilage 
though  it  obviously  has  affinities  with  both.  If  then  a  dysbio- 
trophy  were  of  bone  developed  in  membrane,  pseudocartilage 
might  be  expected  to  participate,  and  the  essential  areas 
affected  would  be  the  clavicles,  the  calvaria,  and  the  condyles 
of  the  mandible.  This  is  cleidocranial  dysostosis  and  of  the 
three  parts,  in  the  absence  of  the  mandible,  the  skull  only 
supplies  the  calvaria  and  the  mandibular  fossae.  These  may 
now  be  particularized  in  regard  to  the  skull  under  examination. 

The  bregmatic  dysplasia. — The  calvarial  bones  originate 
as  ossific  spicules  shooting  in  membrane  radially  from  the 
primary  centre.  They  gain  in  thickness  by  subpericranial  and 
principally  an  epidural  accretion,  for  during  childhood  the  dura 
mater  exercises  to  the  full  its  periosteal  nutritive  functions, 
and  thus  develop  the  intracranial  venous  grooves  and  sulci.* 
When  growth  after  birth  has  produced  the  required  thickness 
an  intermediate  modification  differentiates  the  two  tables  and 
forms  the  diploe  for  the  accommodation  of  an  intracalvarial 
venous,  almost  cavernous,  circulation. 

The  topography  of  the  outer  aspect  of  the  bregma  has  been 
given  in  the  description  of  norma  verticalis,  and  of  the  inner 
aspect  in  the  description  of  the  calvaria.  It  has  been  pointed 
out  that  the  two  tables  at  the  fonticulus  are  obviously  distinct 
productions.  They  are  superimposed,  and  as  the  inner  table  is 
less  extensive  towards  the  bregma  than  the  outer  table,  the  area 
when  viewed  from  the  intracranial  surface  shows  the  inner  table 
overlapped  by  the  outer  table,  which  is  the  more  irregular  and 
the  more  denticulate.  Where  the  tables  have  remained  separate 
in  either  the  vertical  or  the  horizontal  plane  the  defect  has 
obviously  been  filled  by  membrane.  This  is  in  accord  with 
clinical  experience.  That  great  delay  in  closure  of  the  anterior 
fonticulus  takes  place  in  cleidocranial  dysostosis  is  recognized  as 
a  constant  feature  of  the  affection,  but  it  is  as  well  known  that 
ultimate  closure  may  result.  In  either  case  the  bregma  remains 
flattened  or  slightly  depressed  on  its  superficial  surface.  In  this 
part  diploe  does  not  form  in  cleidocranial  dysostosis,  the  area 

*  A  similar  result  often  occurs  on  the  outer  table,  especially  of  the  frontal 
bone  in  relation  to  nerve  twigs. 
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remains  infantile  in  that  respect,  and  it  is  not  unexpected  to 
find  even  in  the  adult  the  dura  mater  strongly  adherent  to  its 
intracranial  surface.  The  appearances  of  the  fonticulus  are 
those  of  an  early  arrest  of  ossification,  and  after  much  delay 
an  attempt  to  complete  the  process,  and  this  may  succeed  in 
closing  the  fonticulus  with  bone  but  it  never  succeeds  in 
reproducing  the  normal  bony  architecture  of  this  part  of  the 
calvaria. 

In  cleidocranial  dysostosis  defective  ossification  is  not  limited 
to  the  anterior  fonticulus.  All  the  fonticuli  may  show  similar 
delay  in  ossification  and  even  the  sutures  be  retarded  in 
approximation.  But  these  irregularities  are  uncertain  in  their 
manifestation,  whereas  the  bregmatic  defect  is  invariable,  and 
if  irregularities  be  present  they  are  always  subordinate  to  the 
defect  at  the  anterior  fonticulus  and/or  its  metopic  extension. 
Evidence  of  prolonged  patency  may  remain  in  the  adult  skull 
as  shallow  depressions  along  the  lines  of  sutures  or  as  flattening 
at  the  posterior  or  any  other  fonticulus  that  may  have  been 
involved. 

In  this  connexion  it  is  possible  that  a  persistent  metopic 
suture  might  well  be  expected  with  greater  frequency  in 
cleidocranial  dysostosis  than  in  normal  skulls.  It  is  present 
in  the  skull  under  discussion,  both  on  the  superficial  and 
intracranial  aspects  of  the  frontal  bone.  Records  of  additional 
skulls  of  cleidocranial  dysostosis  can  alone  determine  an  undue 
frequency  of  metopism,  but  clinical  evidence  seems  to  suggest 
the  probability.  Too  much  importance  must  not  be  given  to 
metopic  persistency  in  childhood  and  youth,  but  it  undoubtedly 
occurs  as  Hirtz  and  Louste  66  found  in  the  adult. 

Sutural  bones. — Dependent  on  irregularities  in  growth  of 
the  sutures  is  the  development  of  sutural  bones.  A  distinction, 
which  I  think  is  necessary,  has  not  been  made  between  sutural 
bones  and  areas  replaced  by  multiple  ossicles.  In  any  cephalic 
osteodysplasia,  in  which  there  is  disparity  of  growth  between  the 
braincase  and  its  contents,  sutural  bones  are  liable  to  develop. 
The  fault  may  lie  in  the  brain  growing  too  rapidly  for  the  skull 
as  in  hydrocephalic  enlargement,  or  in  ossification  of  the  skull 
not  synchronizing  with  the  growth  of  a  normal  brain.  In 
microcephaly  where  ossification  has  normal  capabilities,  though 
the  brain  is  permanently  small,  sutural  bones  are  of  the  greatest 
rarity,  nor  in  the  skull  of  the  mongoloid  imbecile,68  where  the 
inter-relation  between  brain  and  skull  growth  is  undisturbed, 
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are  sutural  bones  a  common  feature.  But  in  cleidocranial 
dysostosis,  the  growth  of  brain  and  skull  is  temporarily 
heterochronic,  and  the  presence  of  sutural  bones  is  the  rule. 
Sutural  bones,  qua  sutural  bones,  cannot  be  said  to  be 
pathognomonic  of  cleidocranial  dysostosis,  for  radiography 
frequently  fails  to  indicate  their  presence  and  it  is  well  known 
that  they  are  frequent  in  many  eubiotrophic  skulls. 

It  is  otherwise  with  ossicular  areas,  for  in  cleidocranial 
dysostosis  they  occur  in  membrane-developed  bones  peculiarly 
related  to  sutures,  namely  the  temporal  squamae,  the  temporal 
portions  of  the  great  wings  of  the  sphenoid  and  the  interparietal 
portion  of  the  occipital  bone.  Terry25  noted  the  small  size 
of  the  squamous  portions  of  the  temporal  bones  and  in 
Manouvrier’s  skull 22  they  were  rudimentary.  Prochaska 23 
observed  multiple  ossicles  occupying  a  broad  squamosal 
suture,  Paltauf 13  found  the  squamous  portions  of  the  temporal 
bones  replaced  by  ossicles,  while  in  the  case  of  a  male,  aged 
28  years,  Krabbe 55  found  the  same  clinically  in  regard  to 
a  the  occiput.”  Indeed  these  multiple  ossicles  appear  to  be 
commonly  shown  by  radiography.  Maintaining  this  distinction 
between  sutural  bones  and  replacement  ossicles  Hultkrantz’ 
contention  that  the  peculiarity  is  of  significance  in  cleidocranial 
dysostosis  may  be  admitted. 

The  zygomatic  arches. — In  direct  relation  to  dysplasia  of 
the  temporal  squamae  is  modification  or  deficiency  of  the 
zygomatic  arches  for  these  also  are  membrane-developed. 
Here  again  childhood  and  youth  must  be  eschewed.  In 
Manouvrier’s  adult  skull  both  arches  were  deficient.  Terry25 
noted  they  were  incomplete  in  the  skull  of  the  aged  female 
he  described,  and  deficiency  is  recorded  by  Roussy  and 
Ameuille 15  in  a  male  aged  52  years,  by  Romiti 24  in  the 
skull  of  an  adult  male,  and  this  defect  is  not  infrequently 
referred  to  clinically.  The  zygomatic  arch  may  be  less  robust 
than  normal  even  when  not  deficient  in  ossification,  and  in  the 
skull,  the  subject  of  this  investigation,  the  zygomatic  arches 
lack  fulness,  regularity  and  roundness  of  contour  and,  especially 
obvious  on  the  left  side,  cause  definite  asymmetry. 

The  nasal  bones.— Hultkrantz’ 28  statement  that  in  cleido¬ 
cranial  dysostosis  the  nasal  bones  are  absent  or  small  and 
are  often  synostosed  to  the  frontal  scarcely  deserves  unqualified 
acceptance.  Bearing  in  mind  the  delay  in  membrane-ossification 
that  occurs  in  cleidocranial  dysostosis,  the  absence  of  nasal 
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bones  in  a  female  aged  2  years,  one  of  a  cleidocranial  dysostotic 
family,  as  recorded  by  King,67  is  of  no  significance  on  account 
of  the  child’s  immaturity.  The  nasal  bones  were  congenitally 
absent  from  Manouvrier’s  skull  and  the  area  their  substitutes 
occupied  was  unusually  broad.  Defective  ossification  of  the 
nasal  bones  in  cleidocranial  dysostosis  does  not  appear  to  be 
so  common  as,  for  instance,  it  is  in  the  mongoloid  imbecile 
(Greig68)  in  whom  equal  abiotrophy  of  the  brain  and  skull 
is  part  of  a  universal  somatic  hypoplasia.  Scheuthauer 19 
found  the  nasal  bones  malformed  in  the  skull  of  a  male  aged 
56  years,  an  undoubted  case  of  cleidocranial  dysostosis,  and  the 
observation  of  a  retracted  nasion  is  occasionally  recorded 
clinically,  but  this  appearance  may  be  induced  by  the  fulness 
of  the  forehead  commonly  found  in  cleidocranial  dysostosis. 
In  the  skull  under  consideration,  as  has  been  noted  above,  the 
nasal  bones  are  strong  and  well  formed,  the  right  being  of 
slightly  greater  area  than  the  left  which  gives  the  nasal  suture 
a  slight  obliquity. 

The  mandibular  fossae. — In  the  absence  of  the  mandible  the 
condition  and  functioning  of  the  temporomandibular  articula¬ 
tions  can  only  be  deduced  from  a  study  of  the  mandibular 
fossae.  It  is  in  relation  to  the  condyles  of  the  mandible  that 
these  fossae  are  conditioned  and  not  vice  versa,  and  on  this 
account  the  mandibular  fossae  reflect  any  modification  in  shape 
of  the  mandibular  condyles  and  are  altered  by  any  dereliction 
from  the  normal  movements  at  the  temporomandibular  joints. 
Clinical  evidence  seems  to  support  Hultkrantz’  assertion  that 
the  body  of  the  mandible  is  thick  and  large  in  cleidocranial 
dysostosis,  though  he  points  out  that  in  the  Helsingfors’  skull, 
which  was  that  of  a  male  peasant  aged  59,  the  mandible  had  the 
dimensions  of  that  of  a  child  of  eight  years.  Most  clinical 
reports  refer  to  a  degree  of  prognathism  from  inferior  protrusion, 
and  this  would  naturally  be  more  obvious  were  the  maxillae 
underdeveloped  as  probably  in  many  cases  they  are.  Shortness 
of  the  mandibular  rami  is  mentioned  as  a  feature  by  Hultkrantz  ; 
and  in  the  skull  described  by  Terry,  the  tubercles  and  man¬ 
dibular  condyles  were  “  correspondingly  worn,”  though  the  term 
“  worn  ”  is  quite  inappropriate  since  it  implies  an  alteration  due 
to  prolonged  use,  a  physiological  impossibility  unless  associated 
with  a  contributory  pathological  concomitant.  Paltauf  also 
noted  mutual  flattening  of  the  articular  surfaces.  Flatness  of 
the  mandibular  fossae  is  a  foetal  characteristic.  This  part  is 
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developed  in  cartilage  and  does  not  participate  directly  in  what 
is  primarily  a  membrane-bone  dysplasia.  There  is  no  reason 
to  suspect  that  its  ossification  does  not  proceed  normally.  But 
it  forms  part  of  a  joint  and  to  get  anatomical  perfection  in 
an  articulation  its  component  parts  must  undergo  mutual 
synchronic  evolution.  Each  mandibular  fossa,  ossified  ecto- 
chondrally,  will  attain  its  full  foetal  characters  undelayed  but 
each  neck  and  condyle  of  the  mandible,  being  retarded  in 
growth,  ensures  heterochronic  development  of  the  joint-surfaces 
and  a  modification  and  accommodation  of  the  later  and  therefore 
more  malleable  surface  to  that  already  formed. 

1  here  can  be  no  doubt  that  this  modification  of  the 
mandibular  condyles,  and  secondarily  of  the  fossae,  is  the 
result  of  maldevelopment  of  that  peculiar  pre-osseus  tissue  in 
which  those  parts  of  the  mandible  originate.  In  cleidocranial 
dysostosis  these  bilateral  areas  late  in  ossifying  would  be  ill- 
formed  at  birth  and  even  then  still  undergoing  modification. 
The  result  would  be  flattening,  a  spreading  out  of  the  condylic 
articular  areas,  a  consequent  accommodating  deformation  to 
the  mandibular  fossm. 

In  this  skull  the  mandibular  fossae  are  extensive  and  flat. 
The  deformity  is  not  quite  symmetrical,  the  left  fossa  being 
the  flatter  and  the  less  well  defined.  Perhaps  the  anterior 
prominence  of  the  slight  undulation  of  the  right  fossa  represents 
the  articular  tubercle  but  it  has  no  counterpart  in  the  left  fossa. 
These  flat  surfaces  mean  a  looseness  of  movement  at  the 
joint  to  a  quite  abnormal  degree,  a  gliding  of  the  mandibular 
condyle  on  the  temporal  articular  surface  instead  of  the  rolling 
movement  characteristic  of  the  normal  joint. 

Such  abrogation  or  non-assumption  of  function  which  such 
an  early  deformation  would  entail  must  result  in  modification 
of  the  anatomical  attributes  found  around  the  normal  joint, 
apart  from  mere  mutual  alteration  of  the  opposing  surfaces. 
The  essential  movement  in  the  normal  temporomandibular 
articulations  is  the  rolling  of  the  condyles  within  the  fossae. 
Opening  the  mouth  is  caused  by  contraction  of  the  external 
pterygoid  muscles  (Lord77)  closing,  by  contraction  of  the 
temporales,  and  while  these  are  acting,  the  mandible  is 
steadied  by  contraction  of  the  masseter  and  internal  pterygoid 
muscles  (Fig.  6).  This  rotation  of  the  mandibular  ramus,  the 
alternate  passing  forwards  and  backwards  of  its  articular  condyle, 
the  passing  backwards  and  forwards  of  its  base  or  angle,  takes 
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place  around  a  central  point  or  pivot,  the  lingula  mandibulae. 
Furthermore  the  pivot  must  be  fixed  and  the  structure  that 
fixes  it  is  the  sphenomandibular  ligament,  the  posterior  part 
of  the  first  visceral  arch,  or,  as  Fawcett78  expresses  it,  the  sheath 
of  the  absorbed  posterior  portion  of  Meckel’s  cartilage.  The 
ligament  is  a  comparatively  powerful  one  and  is  attached 
superiorly  to  the  spina  angularis  of  the  sphenoid  bone  and 
the  spina  and  lingula  are  developed  in  proportion  to  its  use. 
It  is  essential  to  the  opening  and  shutting  of  the  mouth,  and 
to  some  extent  controls  a  backward  displacement  of  the 


Fig.  6. — A  left  temporomandibular  articulation  viewed  from  its  lingual  aspect  of  a 
male,  aged  46  years,  who  died  of  intestinal  obstruction. 


mandible  as  the  stylomandibular  ligament  checks  a  forward 
displacement.  What  the  condition  of  each  lingula  mandibulae 
was  in  this  skull  is  a  matter  for  conjecture,  but  on  neither  side 
is  there  present  a  trace  of  a  spina  angularis.  These  processes 
are  developed  according  to  their  need  and  the  absence  of  the 
spinae  angulares  means  either  the  absence  of  the  spheno¬ 
mandibular  ligaments  or  that  the  ligaments  were  not  called  upon 
to  exercise  their  steadying  action  as  mandibular  pivots.  Taken 
in  conjunction  with  the  flatness  of  the  mandibular  fossae  this 
absence  is  quite  understandable,  the  mandible  glided  on  the 
mandibular  fossae,  it  did  not  rotate.  It  must  also  be  remembered 
that  according  to  Keibel  and  Mall  the  area  around  the  foramen 
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ovale  and  foramen  spinosum  is  one  of  the  parts  of  the  sphenoid 
bone  developed  in  membrane.  Would  not  such  participation 
militate  against  the  perfection  of  a  spina  angularis  and  its 
sphenomandibular  ligament? 

There  is  no  question  of  absence  of  the  external  pterygoid 
muscle.  The  infratemporal  crest  and  the  infratemporal  surface 
of  the  great  wing  of  the  sphenoid  bone  and  the  lateral  pterygoid 
lamina  show  no  modification  of  the  area  for  muscular  attachment. 
The  external  pterygoid  muscles  still  officiating  would,  on  con- 
ti  action,  draw  forward  the  articular  menisci,  were  they  present, 
but  the  movement  thus  initiated  would  be  a  gliding  forwards  of 
the  mandible  on,  not  a  rolling  of  its  condyles  in,  the  mandibular 
fossae.  Such  alteration  of  mandibular  function  might  be  expected 
to  have  reflexion  in  the  condition  of  the  teeth. 

The  dental  dysplasia. — In  cleidocranial  dysostosis  delayed 
eruption  of  the  teeth  of  the  first  and/or  second  dentition  seems 
to  be  the  rule,  disarrangement  of  the  teeth  quite  common,  and 
suppression  of  the  teeth  by  no  means  rare.  Even  supplementary 
teeth  may  be  present.  Villaret  and  Francoz36  record  the  case 
of  a  male  aged  36  years,  amongst  whose  irregular  and  misplaced 
teeth  a  supplementary  canine  had  made  its  appearance  four  years 
pi eviously.  PillsburyoS  describes  the  teeth  of  a  cleidocranial 
dysostotic  female,  aged  18  years,  as  “small  irregular  and  set  at 
every  angle  ”  and  among  them  two  supernumerary  incisor  teeth, 
while  teeth  of  the  fiist  dentition  had  been  extracted  at  14  years 
of  age.  Pretei  natural  retention  of  the  teeth  of  the  first  dentition 
is  recorded  by  Blenke^7  in  a  female  aged  13  years,  and  by  many 
other  clinical  observers  at  various  ages,  and  Wagner 40  mentions 
amongst  other  cases  that  of  a  male  aged  52,  in  whom  teeth  of 
the  first  dentiton  were  present  at  30  years  of  age  and  four 
incisor  and  two  canine  teeth  erupted  when  he  was  48  years  old. 
Probably  the  “  two  rudimentary  teeth  of  a  third  dentition 
showing  to  the  left  of  the  middle  line  in  the  upper  jaw”  of  a 
female  aged  38  years,  “  edentulous  from  extraction,”  reported 

by  Cyriax39  were  merely  teeth  whose  eruption  had  been  unduly 
delayed. 

In  addition  to  delay  in  their  appearance,  the  sequence  of 
eruption  of  the  teeth  in  cleidocranial  dysostosis  is  unusual,  the 
positions  they  assume  are  irregular,  and  they  are  particularly 
liable  to  caries.  The  appearance  the  anterior  maxillary  teeth 
may  assume  is  well  depicted  by  Valentin41  in  the  case  of  a 
cleidocranial  dysostotic  male  aged  18  years,  and  it  appears  to 
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be  the  teeth  and  the  eruption  of  the  teeth  that  are  defective  in 
this  case  and  not  abnormality  of  the  bones  from  which  they 
spring.  The  history  of  extractions  and  the  liability  of  the 
teeth  to  caries  with  accompanying  pyorrhoea  may  mislead 
the  clinician,  and  deficiencies  and  irregularities  may  be 
considered  acquired  and  are  not  always  reported. 

A  complication,  particularly  interesting  to  the  surgeon,  may 
arise  from  the  retention  of  teeth  of  the  second  dentition  within 
the  alveolar  processes,  namely,  the  formation  of  follicular  cysts. 
Through  the  kindness  of  Dr  H.  M.  Crombie  of  Aberdeen,  I 
am  permitted  to  refer  to  an  as  yet  unpublished  case,  of  which 
he  has  supplied  the  notes,  of  a  iii-para,  aged  31  years, 
whose  cleidocranial  dysostosis  included  with  the  bregmatic  and 
clavicular  defects  a  pubic  deficiency  and  minor  bone  deformities. 
Teeth  of  her  first  dentition  were  long  retained,  the  last  being 
extracted  at  18  years  of  age.  She  was  unaware  of  ever  having 
had  teeth  of  a  second  dentition.  She  complained  of  swellings 
in  the  upper  jaw  of  nineteen  months’  duration,  and  their 
gradual  growth  had  been  accompanied  by  sharp  intermittent 
pain.  The  tumours  were  three  in  number,  cystic,  and  varied 
in  size  from  5  mm.  to  about  20  mm.  in  diameter.  These 
Dr  Crombie  removed,  but  before  doing  so  discovered  by  radio¬ 
graphy  that  apparently  all  the  maxillary  teeth  were  present 
though  only  one  had  erupted  in  the  left  premolar  area.  The 
other  maxillary  teeth,  irregularly  embedded  in  the  bone,  were 
lying  in  abnormal  positions.  The  mandibular  teeth  were 
similarly  affected,  all  appeared  to  be  present  but  none  was 
erupted  except  the  two  central  incisor  teeth  and  the  left 
mandibular  first  molar  tooth.  The  extracted  teeth  Dr  Crombie 
found  on  microscopic  examination  to  be  of  normal  structure 
and  well  calcified. 

In  a  case  of  twin  sisters,  aged  19  years,  the  subjects  of 
cleidocranial  dysostosis  recorded  by  Hesse,42  a  left  canine  and 
first  premolar  were  the  only  teeth  of  the  second  dentition 
present  in  the  maxillae  while  there  was  a  follicular  cyst  present 
at  the  site  of  the  left  lateral  incisor.  No  tooth  had  erupted 
in  the  mandible  but  a  follicular  cyst  occupied  the  position 
of  the  left  second  molar  tooth.  Radiography  showed,  how¬ 
ever,  other  teeth  of  anomalous  size  and  shape  embedded  in 
the  bone  of  both  the  upper  and  lower  jaws.  In  the  other 
sister  somewhat  similar  dental  anomalies  existed  but  no 
follicular  cyst. 
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The  few  skulls  of  cleidocranial  dysostosis  which  have  been 
examined  amply  confirm  the  irregularity  and  suppression  which 
have  been  observed  clinically  of  the  teeth  of  the  second  dentition. 
In  the  skull  described  by  Manouvrier,  irregularity  of  the 
teeth,  suppression,  deformity  and  ectopia  were  present.  Terry 
questioned  if,  in  the  maxillae  of  the  skeleton  he  described,  an 
alveolar  arch  had  ever  existed.  Bearing  in  mind  these  clinical 
and  anatomical  observations  in  regard  to  the  teeth,  the  maxillary 
dentition  may  now  be  further  examined  in  the  skull,  the  subject 
of  this  communication. 

The  teeth  have  already  been  mentioned.  On  either  side 
symmetrically  placed  is  a  molar  tooth,  massive,  well  formed, 
without  a  trace  of  caries  and  strongly  fixed  in  its  alveolus. 
Kach  has  four  cusps  and  its  posterior  border  is  15  mm.  anterior 
to  the  posterior  limit  of  the  maxillary  tuberosity.  On  the 
right  side,  with  a  hiatus  between  it  and  the  molar,  is  a  premolar 
tooth.  Like  the  molar  teeth  it  is  well  formed  and  well  fixed 
in  its  alveolus  and  shows  no  sign  of  caries.  Neither  it  nor  the 
molar  teeth  show  on  their  occlusional  surfaces  any  sign  of 
attrition.  An  hiatus  of  10  mm.  is  between  the  premolar  tooth 
and  the  right  lateral  incisor  tooth  which  unfortunately  has  had 
its  crown  accidentally  chipped.  What  is  left  is  of  normal  size 
and  shows  no  evidence  of  caries.  Symmetrical  to  this  is  the 
alveolus  for  a  left  lateral  incisor  tooth,  the  distance  between 
them  being  5  mm.  No  doubt  this  tooth  has  been  accidentally 
lost.  There  is  no  sign  of  there  ever  having  been  any  other 
tooth  in  the  maxilla,  and  there  is  no  irregularity  of  the  alveolar 
margin  that  might  suggest  healing  after  extraction.  Nor  does 
a  radiogram  show  any  unerupted  tooth  embedded  in  the  bone. 

But  perhaps  the  most  striking  feature  is  the  inordinate 
breadth  of  the  alveolar  processes  from  which  the  few  teeth  that 
are  present  project.  It  has  been  pointed  out  in  the  description 
of  norma  facialis  that  the  facial  border  of  the  alveolar  process 
has  a  facial  excurvation,  but  it  is  not  so  much  on  this  as  on  the 
lingual  surface  that  the  breadth  is  noticeable.  Of  the  alveolar 
border  the  occlusional  surface,  if  such  a  term  may  be  permitted, 
is  smooth  and  rounded.  The  breadth  reaches  its  maximum  of 
14  mm.  posteriorly  and  gradually  diminishes  until  at  the  sockets 
for  the  lateral  incisor  teeth  it  becomes  normal.  Breadth  of 
the  alveolar  surface  is  noted  by  Hesse  in  a  mandible  in  one  of 
his  cases  of  cleidocranial  dysostosis  in  which  no  teeth  of  the 
second  dentition  had  erupted. 
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Viewed  from  the  lingual  surface  the  anterior  part  of  the 
alveolar  process  shows  the  maxillary  suture  as  a  narrow 
fissure  from  the  margin  of  the  process  to  the  incisive  foramen, 
and  close  inspection  shows,  from  the  foramen  to  the  lateral 
border  of  each  lateral  incisor  socket,  bilateral  remains  of  the 
sutures  delimiting  the  os  incisivum.  The  lateral  incisor  alveoli 
are  only  5  mm.  apart,  a  narrow  ridge  seemingly  compatible 
only  with  congenital  absence  of  the  central  incisor  teeth.  The 
few  teeth  present  are  fully  erupted  though  they  may  have  been 
late  in  appearing.  Their  polished  unworn  surfaces  are  evidence 
that  they  have  done  no  grinding,  and  that  they  were  probably 
not  opposed  to  a  hard  surface.  It  seems  justifiable  to  deduce 
that  the  mandible  was  edentulous  as  regards  its  second  dentition, 
a  not  unknown  occurrence  in  cleidocranial  dysostosis.  The  food 
indulged  in  under  these  circumstances  would  be  such  as  not  to 
require  chewing,  and  it  has  been  already  argued  that  the  shape 
of  the  mandibular  fossae  shows  that  the  mandible  had  a  gliding 
motion  as  in  the  act  of  sucking  and  deglutition,  and  had  not 
the  rocking  motion  indispensable  for  trituration.  For  the 
mastication  of  sufficiently  soft  food  the  gingivae-covered  alveolar 
processes  would  be  more  efficient  than  a  congenitally  few, 
discrete  and  unopposed  teeth  however  strongly  formed,  however 
thoroughly  calcified.  The  massiveness  of  the  alveolar  borders 
tends  to  dwarf  the  palate.  But  the  palate  is  well  formed,  of 
adequate  size,  and  flat,  and  conforms  in  proportion  to  the 
adjacent  anatomical  features. 

The  absence  of  the  mastoid  processes. — Of  the  condition 
of  the  mastoid  processes  clinical  observation  conveys  practically 
no  suggestion,  a  dereliction  easily  understood  (Greig 43)  for  the 
point  is  a  minor  one.  In  examination  of  the  skulls  there  is 
less  excuse.  Paltauf  refers  to  the  mastoid  processes  as  crests 
and  Terry  notes  that  they  are  diminutive.  Hultkrantz’s 
reference28  to  arrest  of  development  of  the  mastoid  air-sinuses 
as  being  a  feature  of  cleidocranial  dysostosis  seems  to  suggest 
that  the  air-sinuses  determine  the  size  of  the  process.  It  is 
of  course  the  reverse,  and  there  is  no  doubt  that  in  cleidocranial 
dysostosis  the  frontal  and  other  air-sinuses  are  often  small 
while  those  of  the  mastoid  process  are  generally  absent.  This 
is  not  surprising,  for  Logan  Turner44  found  pneumatization 
altogether  absent  from  20  per  cent,  of  normal  skulls. 

The  mastoid  process  is  a  traction  apophysis,  its  develop¬ 
ment  and  size  being  wholly  dependent  on  the  action  of  the 
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sternocleidomastoid  muscle.  The  other  muscles  with  which  it  is 
associated,  the  splenius  capitis  and  the  longissimus  capitis,  are 
attached  to  the  skull  at  the  base  of  the  process  and  are  of  no 
significance  in  the  aetiology  of  the  processes.  When  traction  on 
the  process  is  abnormal,  as  in  torticollis,  whether  hereditary  45 
or  acquired,  the  mastoid  processes  are  asymmetrical  (Fig.  7) 
and  the  one  corresponding  to  the  contracted  muscle  is  much 
the  larger. 

Ihe  sternocleidomastoid  muscle  is  an  anatomical  synthesis 
of  a  superficial  muscle,  the  cleidomastoid,  and  a  deep  muscle, 
the  sterno-occipital,  and  between  these  two  passes  the  accessory 
nerve.  Rarely  the  division  is  complete  (Testut46),  the  two 


Fig.  7. — Hypertrophied  mastoid  process  in  left  torticollis  in  an  adult  skull. 


component  parts  being  loosely  united  by  areolar  connective- 
tissue  and  fat ;  more  commonly  the  separation  is  only  caudad 
to  the  accessory  nerve  (Hallett47).  In  cleidocranial  dysostosis 
the  presence  of  the  sternum  ensures  attachment  for  the  sterno- 
occipital  muscle,  while  absence  of  the  clavicle  makes  the 
development  of  the  cleidomastoid  muscle  precarious.  It  is 
usual  however  that  the  medial  extremity  of  the  defective 
clavicle  is  more  often  present  and  more  fully  developed  than 
the  lateral  extremity  and  may  afford  attachment  for  a  modified 
or  even  well-developed  cleidomastoid  muscle.  Thus  clinically  a 
muscular  structure  can  always  be  felt  in  cleidocranial  dysostosis, 
and  distinction  cannot  always  be  made  between  a  sterno- 
occipital  muscle  and  a  more  fully  developed  sternocleidomastoid 
muscle.  In  the  female  aged  38  years,  a  typical  example  of 
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cleidocranial  dysostosis,  Cyriax39  reports  “complete  absence  of 
the  clavicular  heads  of  both  sternomastoids,”  and  it  seems 
probable,  if  this  were  the  case,  that  the  deficiency  was  not 
limited  merely  to  that  part  of  each  cleidomastoid  muscle. 
Davis  and  Flecker,49  in  the  case  of  a  male  aged  5  years, 
record,  “  The  sternocleidomastoid  muscle  had  its  origin  from  the 
first  rib,  while  the  pectoralis  major,  trapezius  and  deltoid  had 
no  clavicular  attachments.”  These  statements  can  scarcely  be 
accepted  without  dissection.  Still  it  was  noticeable  on  clinical 
observation  alone  that  the  muscles  in  the  neighbourhood  of  the 
absent  clavicles  were  abnormal. 

Unilateral  absence  of  the  sternocleidomastoid  muscle  in  a 
male,  aged  41  years,  is  recorded  by  Purves-Stewart,48  though 
the  case  was  not  one  of  cleidocranial  dysostosis  and  it  was 
associated  with  absence  of  the  corresponding  mastoid  process. 
The  muscular  deficiency  was  not  limited  to  the  sternocleido¬ 
mastoid  nor  was  the  cranial  osseous  defect  limited  to  the 
mastoid  process.  The  general  deficiency  was  developmental, 
the  absence  of  the  mastoid  processes  a  later  abiotrophy. 
Bilateral  congenital  absence  of  the  sternocleidomastoid  muscles 
in  a  female  aged  10  years,  not  a  case  of  cleidocranial  dysostosis, 
is  recorded  by  Kreclel50  but  no  mention  is  made  of  the  condition 
of  the  mastoid  processes. 

This  concludes  the  consideration  of  those  features  which 
constitute  the  cephalic  phenomena,  the  primary  cephalic  osteo¬ 
dysplasia,  of  cleidocranial  dysostosis  and  so  far  as  is  known 
no  other  developmental  aberration  provides  a  similar  association. 
They  may  be  summarized  as  follows  : — 

1.  The  bregmatic  defect. 

2.  Modifications  of  the  mandibular  fossae. 

3.  Absence  of  the  sphenoidal  spinae  angulares. 

4.  Abnormal  second  dentition. 

5.  Modification  of  the  alveolar  processes. 

6.  Absence  of  the  mastoid  processes. 

It  must  be  clearly  understood  however  that  the  bregmatic  is 
the  constant  and  essential,  as  it  may  be,  especially  clinically, 
the  only  cephalic  defect  in  cleidocranial  dysostosis,  while  the 
others  noted  are  but  occasional  and  subsidiary. 
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The  Secondary  Osteodysplasia. 

The  primary  osteodysplasia  responsible  for  cleidocranial 
dysostosis  seems  in  most  if  not  all  cases  to  be  associated 
with  a  more  or  less  generalized  dysbiotrophy.  This  disturbance 
of  growth  is  not  limited  to  the  bones  nor  indeed  to  skeletal 
structures.  Thus  lordosis  and/or  scoliosis  mentioned  by 
Abram,51  Hamilton,52  Klar,53  Leri  and  Tretiakoff,17  Walsham,54 
and  others,  as  well  as  the  wing-scapulae  recorded  by  Hamilton, 
are  deformities  developed  subsequently  on  account  of  loss 
of  muscular  tonus  probably  the  result,  as  was  the  procidentia 
of  fourteen  years’  duration  reported  by  Greig,43  evidence  of 
congenital  autonomic  weakness.  To  the  same  source  of 
muscular  dysfunction  may  be  ascribed  genu  valgum  recorded 
by  Abram,  Leri  and  Tretiakoff,  Krabbe55  and  others,  and 
laxness  of  the  joints  recorded  by  Hamilton.  Talipes  varus 
referred  to  by  Kappeller,56  as  occurring  in  a  female  aged 
1 6  years,  is  evidence  of  a  localized  congenital  muscular  defect. 
On  the  other  hand  coxa  vara  mentioned  by  Krabbe,  Abram 
and  others,  deformed  scapulae  noted  by  Sherman,57  curved 
femora  noted  by  Voisin,  Lepinay  and  Infroit,16  seem  to  point 
to  a  quondam  osteopsathyrosis,  as  does  also  the  deformity  of 
the  pelvis  in  a  female  aged  19  years,  which  as  recorded  by 
Maygrier58  necessitated  hysterotomy  for  delivery  of  a  full-time 
child.  Brachydactyly  and/or  deformity  of  digits,  especially  of 
the  terminal  phalanges  as  recorded  by  Brindeau,59  Jewsbury,60 
Klemmer,  Snoke  and  Cooper,61  Montanari,62  Spriggs63  and 
Still64  point  to  a  definite  and  comparatively  late  temporary 
arrest  and  delay  in  general  ossification.  Probably  the  most 
interesting  concomitant  osteodysplasia  (Fig.  8)  is  that  of  the 
pubic  bones  already  referred  to,  because  it  seems  to  indicate 
a  morphological  relation  between  that  part  of  the  pelvic  girdle 
and  the  clavicular  part  of  the  shoulder  girdle  and  reminds  the 
clinician  that  there  are  other  points  of  resemblance  between  the 
clavicles  and  membrane-developed  bones  of  the  cranium  on  the 
one  hand  and  the  pubic  portion  of  the  pelvis  on  the  other.  It 
is  significant  too  that  doubt  has  been  recently  cast  on  the 
hitherto  accepted  process  of  ossification  of  this  part  of  the 
pelvis,  the  belief  being  that  the  pubic  symphysis  ossifies  from 
one  of  five  secondary  centres  of  the  os  innominatum.  It  is 
true  that  in  the  most  modern  text-books  of  anatomy,  the 
statement  that  this  symphysial  centre  is  “  more  frequent  in 
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the  female  than  in  the  male,”  suggests  its  occasional  absence, 
whereas  the  most  thorough,  as  it  is  the  most  recent  investigation 
yet  undertaken,  that  of  Flecker,69  more  than  doubts  its  occasional 
presence.  Thus  he  writes,  “An  epiphysis  for  the  symphysis 
such  as  is  usually  described  by  anatomists  has  not  been  found. 


Fig.  8 — The  pelvic  defect  in  cleidocranial  dysostosis.  Male  aged  25  years  (Paltauf). 


The  nearest  approach  was  in  a  male  subject  aged  18  years, 
but  this  appears  to  be  a  forward  extension  of  an  epiphysis 
which  may  be  found  at  any  part  of  the  perinaeal  margin, 
reaching  from  the  tuber  ischii  to  the  lower  margin  of  the 
symphysis.  The  epiphysis,  therefore,  as  is  usually  described, 
either  does  not  exist  or  is  very  rare.  Similarly  no  trace  of  any 
epiphysis  about  the  pubic  crest  or  pubic  spine  has  been 
met  with.” 
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Flecker’s  investigation  was  carried  out  by  radiography,  a 
much  more  reliable  way  of  recognizing  centres  of  ossification 
than  by  mere  inspection  or  by  dissection,  and  one  that  has  the 
advantage  that  there  is  no  limit  to  the  number  of  subjects 
examined.  His  research  was  undertaken  for  the  express 
purpose  of  timing  the  appearance  of  the  ossific  centres  of  the 
various  epiphyses  and  their  subsequent  synostosis  in  the  healthy 
human  subject.  The  pubic  defect  so  commonly  present  in 
cleidocranial  dysostosis  and  the  normal  absence  of  an  ossific 
centre  at  the  symphysis  pubis  seem  to  suggest  that  the  ossification 
of  that  part  is  not  the  process  as  it  occurs  normally  in  cartilage. 

What  has  been  already  said  might  be  supplemented,  but  is 
sufficient  to  show  that  there  is  evidence  of  a  generalized 
disturbance  of  growth  throughout  the  body  in  cleidocranial 
dysostosis  manifesting  itself  in  wide-spread  local  changes  as 
well  as  interfering  with  stature,  for  most  cleidocranial  dysostotic 
persons  are  undersized.  Reference  must  now  be  made  to  the 
skull  to  see  if  these  generalized  disturbances  have  a  counterpart 
in  this  cranium. 

It  could  not  be  expected,  if  the  dysbiotrophy  of  cleidocranial 
dysostosis  made  itself  felt  by  vagaries  of  ossification  throughout 
the  skeleton,  that  the  skull,  apart  from  the  primary  manifestations 
of  cleidocranial  dysostosis,  should  be  unaffected  otherwise,  nor 
would  such  be  inferred  from  analogy.  There  are  other  conditions 
than  cleidocranial  in  which  dysostosis  results  in  as  characteristic 
a  defect  as  the  patent  or  modified  anterior  fonticulus.  One 
of  these  is  the  symmetrical  thinness,  flattening,  or  grooving,  of 
the  parietal  bones  (Greig65)  in  which  ossification  proceeds  to 
a  certain  extent  and  is  then  slowed  down  or  arrested  and  the 
result  is  a  localized  aplasia  of  the  diploe.  Here  as  in  cleido¬ 
cranial  dysostosis  a  general  cranial  dysplasia  may  be  manifested 
by  a  surface  irregularity  of  the  outer  table  in  the  form  of 
irregular  depressions,  roughnesses,  pits,  grooves  and  excavations, 
and  these  may  even  modify  the  shadow  cast  on  radiography. 
The  disturbance  is  limited  to  the  membrane-bones  and  is 
mostly  present  posteriorly  in  the  posterior  half  of  the  parietal 
bones  and  in  the  supra-inial  portion  of  the  occipital  bone. 
More  rarely  and  to  a  less  extent  it  occurs  laterally  and  always 
with  a  striking  degree  of  symmetry.  That  these  are  develop¬ 
mental  errors  and  not  pathological  acquisitions  is  shown  by 
the  normal  surface  they  present,  the  absence  of  any  sign  of 
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periostitis,  and  the  fact  that  when  traversed  by  a  suture  the 
denticulations  are  as  complex  and  well  defined  as  are  the 
adjacent  normal  denticulations.  Both  the  posterior  and 
lateral  aspects  of  the  skull  under  consideration  show  these 
peculiarities  in  a  marked  degree. 

The  air-sinuses. — Throughout  the  body,  when  bone  attains 
a  sufficient  degree  of  thickness  it  becomes  centrally  cancellated 
and  this  is  true  even  of  heterotopic  bone.  Within  the  cancellous 
spaces  thus  formed  there  accumulate  cells  constituting  true 
bone-marrow  or  a  more  or  less  close  imitation  of  it.  To  this 
the  skull  is  no  exception  and  it  is  recognized  that  cancellation 
of  the  bone  precedes  the  formation  of  the  air-sinuses.  I 
have  pointed  out  elsewhere80  the  anatomical  and  functional 
features  of  the  diploe  and  wherein  it  differs  from  cancellous 
bone  and  I  have  emphasized  that  diploe  is  not  synonymous 
with  marrow-cavity.  It  is  in  the  cancellated  skull-bones  that 
air-sinuses  may  ultimately  form.  In  the  frontal  bone,  in  the 
mastoid  processes  and  elsewhere,  air-sinuses  form  according  to 
the  accommodation  available  but  so  fortuitously  as  to  provide 
unlimited  anatomical  variation. 

At  birth  the  maxilla  alone  generally  has  a  potential  cavity, 
the  forerunner  of  the  maxillary  air-sinus,  and  its  early  appear¬ 
ance  is  related  to  the  immediate  proximity  of  the  tooth  follicles 
and  the  local  embryonic  activity  which  their  remarkable 
evolution  entails.  In  the  other  air-sinus  regions  the  bone 
has,  in  the  depth  of  the  body  or  process,  become  cancellated. 
The  cancellous  spaces  contain  ill-defined  and  myxomatous- 
looking  material  with  the  potentials  for  activity  and  growth 
characteristic  of  embryonic  tissue.  The  bony  trabeculae  are 
decalcified  and  absorbed  far  more  by  the  halisteretic  properties 
of  the  embryonic  intertrabecular  material  than  by  phagocytic 
cells  of  the  osteoclast  type  and  the  spaces  thus  enlarged  are 
presently  lined  by  epithelium  from  the  mucosa  of  the  neigh¬ 
bouring  cavity  and  pneumatization  occurs  as  a  matter  of  course. 
It  is  misleading  to  say  that  the  epithelium  invades  the  bone, 
for  that  implies  an  act  of  aggression  which  in  nature  does 
not  take  place.  There  is  no  forcible  intrusion  of  epiblastic 
derivatives  into  mesoblast,  but  a  mutual  adjustment  dependent 
on  obvious  local  conditions.  Nor  is  it  correct  to  say  that  the 
air-sinus  distends  the  bone  for  that  is  mechanically  impossible. 
An  air-sinus  is  a  continuous  cavity  and  the  term  “  mastoid 
air-cells”  is  a  misconception  of  the  older  anatomists  visualizing 
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in  the  divided  mastoid  process  a  complicated  series  of  separate 
compartments.  Only  when  the  mastoid  process  is  cancellated 
and  not  pneumatized  does  such  exist.  The  spaces  have  no 
separate  existence  as  air-containing  loculi.  Intermittent  positive 
pressure  undoubtedly  occurs  after  birth  during  any  violent  use 
of  the  respiratory  organs  as  in  phonation,  singing,  crying. 
Such  physiological  trauma  results  in  increased  rarefaction  of 
trabeculae,  not  in  forced  impulsion  of  mucosal  epithelium  into 
resistant  bone. 

It  is  obvious  that  this  process  may  be  arrested  at  any  stage 
and  that  the  clearance  of  the  cancellous  bone  and/or  the 
intrusion  of  the  mucosal  epithelium  may  be  at  fault.  Nor 
is  it  necessary  to  invoke  a  pathological  trauma  as  does 
Wittmaack81  unless  it  be  to  account  for  the  rare  cases  in  which 
normal  cancellation  has  taken  place  but  the  cancellous  bone 
has  been  altered  by  sclerosis.  Apart  from  the  hyperostotic 
consolidation,  which  may  well  be  always  post-inflammatory, 
the  bones  where  air-sinuses  are  potential  may  be  divided  into 
cancellated  and  pneumatized,  and  the  degree  may  be  specified 
by  suitable  adjectival  qualification. 

Air-sinuses  are  not  essential  and  even  the  maxillary  air- 
sinuses  may  be  exceedingly  small  but  that  is  associated  with 
such  facial  and  palatine  deformity  as  sometimes  occurs  in  oxy¬ 
cephaly  (Greig  /9).  The  maxillary  air-sinuses  are  an  adjuvant 
to  phonation  as  are  the  frontal  air-sinuses  and  doubtless  the 
ethmoidal  and  sphenoidal.  The  mastoid  air-sinuses  are  of 
even  less  account  but  it  may  be  that  a  reserve  of  air  in  relation 
to  the  middle  ear  is  of  benefit  to  the  organism  and  renders  that 
portion  of  the  acoustic  apparatus  less  dependent  on  continuous 
patency  of  the  auditory  tube. 

Bearing  in  mind  these  considerations  and  the  normal 
development  of  bone,  it  would  be  surprising  in  cleidocranial 
dysostosis  to  find  absence  of  cancellation  of  the  air-sinus  areas, 
but  it  seems  logical  to  expect  frequent  defects  in  pneumatization. 
Clinical  radiography  seems  to  support  the  observations  on  the 
skull  in  cleidocranial  dysostosis  that  the  accessory  air-sinuses 
are  unusually  small.  Normal  mastoid  pneumatization  is  pro¬ 
portionate  to  the  size  of  the  process.  Paltauf  found  the 
maxillary  air-sinuses  poorly  developed,  and  Hultkrantz  pointed 
out  that  in  the  Helsingfors  skull  neither  mastoid  nor  frontal 
air-sinus  was  present,  and  of  the  five  Vienna  skulls  which  he 
had  examined  none  had  frontal  air-sinuses  and  all  the  other 
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air-sinuses  were  exceptionally  small.  In  the  skull  under 
consideration,  though  the  superciliary  arches  are  quite  unusually 
large,  though  they  constitute  a  veritable  frontal  torus,  only  a 
small  oval  area  to  the  right  of  the  metopic  suture  represents 
the  frontal  air-sinuses.  There  is,  on  the  other  hand,  no  evidence 
that  the  maxillary  air-sinuses  participate  in  such  aplasia.  The 
enormous  superciliary  arches  are  fully  cancellated. 


The  Osteomata. 

Though  mention  has  been  made  in  the  descriptions  of  norma 
facialis  and  each  norma  lateralis  of  the  presence  of  multiple 
osteomata,  a  detailed  description  of  their  site  and  distribution 
has  been  delayed  till  now.  The  osteomata  are  little  nodular 
excrescences,  rough  and  irregular,  the  largest  of  which  does  not 
exceed  4  mm.  in  its  basal  diameter  nor  is  more  than  that  in 
height.  It  has  been  already  mentioned  that  they  have  a 
symmetrical  distribution  and  that  those  on  the  left  half  are 
larger  than  those  on  the  right  half  of  the  skull.  They  seem 
discrete  individual  developments  though  here  and  there  a 
small  cluster  may  lie  in  close  approximation.  The  striking 
feature  of  their  localization  is  their  relation  to  a  suture  or 
potential  suture,  and  to  the  margin  of  a  fissure  or  cavity.  Their 
individual  consideration  may  be  taken  in  that  order. 

(a)  In  relation  to  the  sutures. — On  the  nasal  suture,  8  mm. 
from  the  nasion  and  2  mm.  from  the  notch  which  distally 
separates  the  nasal  bones,  is  a  4  mm.  osteoma  elongated  and 
cleft  sagittally  since  both  nasal  bones  contribute  to  its  formation. 
At  the  centre  of  the  right  nasomaxillary  suture  a  more  rounded 
and  slightly  larger  osteoma  arises  from  the  frontal  process  of 
the  maxilla  and  a  minute  one  more  distally  from  the  nasal  bone 
also  at  the  suture.  On  the  left  side  are  symmetrically  placed 
osteomata,  the  more  distal  nodule  from  the  nasal  bone  being 
within  2  mm.  of  the  distal  termination  of  the  left  nasomaxillary 
suture  and  much  more  prominent  than  its  right  counterpart. 
At  the  right  zygomaticomaxillary  suture  is  a  little  thickening  of 
the  bones  from  which  project  several  small  osteomata,  both  the 
zygomatic  bone  and  the  maxilla  participating.  Similarly  on 
the  left  side,  but  the  nodules,  which  number  about  ten,  are 
larger  and  more  prominent,  and  since  the  left  suture  is  more 
definite  than  the  right  it  is  obvious  that  both  bones  are  equally 
affected.  At  each  zygomatic  suture  a  number  of  small  nodules 
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renders  the  surface  of  each  zygomatic  arch  irregular  though 
less  on  the  deep  than  on  the  superficial  surface  and  the  margins. 

(b)  In  relation  to  potential  sutures.  —  What  I  have  ventured 
to  call  potential  sutures  are  two  in  number  in  each  maxilla. 
One  of  these  is  well  known  for  it  often  persists  in  adult  life,  a 
persistence  which  is  all  the  more  remarkable  since  the  infra¬ 
orbital  groove  becomes  a  foramen  so  early  as  the  50  mm.  stage 
of  the  embryo.78  It  passes  from  the  infra-orbital  foramen  to 
the  margin  of  the  orbit  (Fig.  9)  or  meets  the  homoiolateral 
zygomaticomaxillary  suture  (Fig.  10)  as  it  approaches  its 


Fig.  9. — Line  drawing  of  the  right  nasofacial  region  showing  a  persistent 
infra-orbital  suture.  From  the  skull  of  a  female,  aged  40  years,  who 
died  of  carcinoma  of  the  breast. 


orbital  termination.  It  is  frequently  imperfect,  and  then  it 
is  the  superior  part  that  persists  (Fig.  n).  It  is  the  result 
of  imperfect  union  of  that  process  of  bone  which  early  in 
embryonic  life  passes  lateromedially  to  convert  the  anterior 
part  of  the  infra-orbital  groove  into  a  canal.  The  other 
potential  suture  is  in  the  frontal  process  of  the  maxilla. 
Fawcett73  corroborates  the  observation  of  Mall31  and  others, 
that  the  maxilla  and  premaxilla  are  each  formed  from  a  single 
centre  and  that  both  participate  in  the  formation  of  the  frontal 
process.  The  line  of  union  is  commonly  indicated  by  a  series 
of  small  foramina  (Fig.  11)  or  by  a  slight  more  or  less  vertical 
groove  (Fig.  12)  in  which  there  are  often  small  foramina.  A 
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Fig.  io.— Line  drawing  of  the  right  nasofacial  region  showing  a  persistent 
infra-orbital  suture.  From  the  skull  of  a  male,  aged  34  years,  who 
died  of  pulmonary  tuberculosis. 

4? 


Fig.  II. —  Line  drawing  of  the  right  naso¬ 
facial  region.  A  groove  and  series  of 
small  foramina  of  the  frontal  process  of 
the  maxilla  indicate  its  embryonic  division 
into  maxillary  and  premaxillary  constitu¬ 
ents.  From  the  skull  of  a  male,  aged 
35  years,  who  died  of  influenza. 


FlG.  12. — Line  drawing  of  the  right 
nasofacial  region.  A  groove  and 
series  of  small  foramina  of  the  frontal 
process  of  the  maxilla  indicate  its 
embryonic  division  into  maxillary  and 
premaxillary  constituents.  From  the 
skull  of  a  male  congenital  idiot  aged 
20  years. 
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linear  impression  for  the  accommodation  of  nerve  twigs  generally 
marks  the  frontal  process  and  often  connects  the  small  foramina 
through  which  the  nerve  twigs  gain  access  to  the  nasal  mucosa 
or  adjacent  parts.  The  frontal  process  of  the  maxilla  has  two 
surfaces,  an  orbital  and  a  facial,  which  are  separated  by  a  definite 
crest.  The  line  of  junction  of  the  maxillary  and  premaxillary 
portions  of  the  frontal  process  has  no  relation  to  this  crest,  but 
occurs  more  medially  on  the  facial  surface  of  the  process 
parallel  to  the  margin  of  the  piriform  opening  and  to  the 
nasomaxillary  suture. 

Along  the  line  of  both  of  these  potential  sutures  are  little 
nodular  irregularities,  by  far  the  largest  of  which  is  one  at 
the  superior  border  of  each  infra-orbital  foramen,  that  on  the 
left  side  being  the  larger.  From  each  of  these  definite  infra¬ 
orbital  osteomata  a  nodular  ridge  extends  to  the  orbital  margin. 
Ihe  embryonic  maxillary-premaxillary  division  is  indicated  by 
a  nodular  roughening,  more  marked  on  the  left  than  on  the 
right  maxilla,  which  ascends  vertically  from  about  the  site  of 
the  canine  fossa  to  the  nasomaxillary  suture  at  the  distal  of  the 
two  nasomaxillary  osteomata. 

These  are  all  membrane-developed  parts  and  it  appears  may 
have  participated  in  some  biodystrophy,  a  delay  in  develop¬ 
ment,  ultimately  to  be  succeeded  by  localized  overgrowths. 
Irregularity  of  the  zygomatic  arches,  more  on  the  left  side  than 
on  the  right  in  the  skull  under  discussion,  is  evidence  of  delay  in 
ossification,  a  delay  which  in  some  cleidocranial  dysostotic  skulls 
is  not  made  good  but  in  others  possibly  results  in  irregular 
excess. 

The  temporal  osteomatous  roughnesses  which  have  been 
described  in  sufficient  detail  in  each  norma  lateralis  may 
perhaps  admit  of  a  similar  explanation.  The  site  of  the  osseous 
overgrowth  is  the  squamous  portion  of  each  temporal  bone  and 
the  membrane-developed  temporal  portion  of  each  great  wing 
of  the  sphenoid  bone.  From  the  observations  of  Prochaska, 
Paltauf  and  Hultkrantz,  irregularities  in  ossification  of  the 
temporal  squamae  are  recognized  as  frequent  in  cleidocranial 
dysostosis.  The  free  periphery  of  the  temporal  squama  has 
been  found  with  a  lateral  inclination  superiorly  so  that  its 
superficial  surface  had  a  lateral  and  distal  direction  instead 
of  a  directly  lateral  one.  The  squama  has  been  found 
diminutive,  the  squamosal  suture  has  been  described  as  wide, 
and  part  or  the  entire  squama  has  been  found  replaced  by 
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ossicles.  A  iplethora  of  ossicles  entails  a  plethora  of  inter- 
ossicular  sutures  and  it  seems  possible  these  may  determine 
the  ultimate  production  of  sutural  osteomata  as  sutures  seem 
to  have  done  on  the  facial  bones.  If  an  osseous  hyperplasia 
should  thus  result,  the  lines  and  fissures  and  direction  of  the 
osseous  overgrowth  would  be  determined  by  the  direction  of 
the  fibres  of  the  overlying  muscles,  the  action  of  the  temporales, 
and  would  be  limited  by  the  attachments  of  the  temporal  fascia. 
It  is  significant  that  these  contingencies  have  been  realized. 

(c)  In  relation  to  fissures . — The  anterior  extremity  of  each 
inferior  orbital  fissure  is  slightly  irregular  from  rounded  nodules 
directed  horizontally  in  the  long  axis  of  the  fissure,  and  more 
developed  in  the  left  than  in  the  right  orbit.  They  are,  of  course, 
in  relation  to  the  orbital  portion  of  the  zygomaticomaxillary 
suture  at  its  junction  with  the  fissure.  The  nodules  are  not 
limited  to  that  point,  however,  but  extend  posteriorly  as  far  as 
the  sphenozygomatic  suture. 

(d)  In  relation  to  cavities. — The  margin  of  the  piriform 
aperture  instead  of  being  sharp  and  thin  where  fibrous 
membrane  connects  it  to  the  lateral  cartilages  of  the  nose,  is 
irregularly  thickened.  The  result  is  a  nodular  roughness  in 
most  of  its  extent,  especially  of  the  left  half  of  the  opening. 
Something  of  the  same  is  present  on  the  nasal  crest  on  either 
side  of  the  groove  for  the  vomer.  Finally,  in  this  connexion, 
there  is  a  rounded  nodular  enlargement  of  the  facial  surface  of 
the  alveolar  process  of  the  left  maxilla. 

All  these  bony  overgrowths  and  irregularities  of  the  facial 
and  temporal  surfaces  of  the  skull  appear  to  bear  some  mutual 
relation  and  to  these  may  be  added  the  nodularity  of  each 
lateral  extremity  of  the  superciliary  arches.  All  these  are 
parts  developed  in  membrane  and  therefore  liable  to  participa¬ 
tion  in  the  dyscrasia  of  cleidocranial  dysostosis.  They  probably 
have  a  common  aetiology  and  are  involved  in  a  membrane- 
osteodystrophy  with  an  ultimate  hyperplasia  occurring  at  those 
parts  which  are  latest  in  reaching  physiological  and  anatomical 
maturity. 

These  surface  osteomata  and  roughnesses  have  some  features 
in  common  with  the  bony  irregularities  found  intracranially. 
The  intracranial,  like  the  extracranial  irregularities,  are  more 
pronounced  on  the  left  side  than  on  the  right.  Anteriorly  the 
intracranial  nodules  have  the  usual  localization  of  intracranial 
osteophytes.  Though  lacking  a  definite  fan-wise  divergence, 
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they  commence  on  the  inner  surface  of  the  superior  half  of  the 
pars  frontalis  of  the  frontal  bone  and  extend  on  each  side  to 
the  middle  of  the  homoiolateral  parietal  bone.  On  the  floor 
of  the  anterior  cranial  fossa  new  bone  is  particularly  related  to 
the  sphenofrontal  suture  which  it  overlays  wholly  on  the  left 
side  but  only  partially  on  the  right  (Plate  XI.).  Much  of  the 
affected  surface  has  a  shagreen  appearance  and  in  the  depth 
of  some  of  the  convolutionary  impressions,  all  of  which  are 
unusually  distinct,  are  ridges  or  small  accumulations  of  bone  of 
a  similar  character.  In  the  middle  cranial  fossa  (Plate  XII.) 
the  granular  roughness  has  been  already  described,  bone  being 
heaped  here  and  there  into  more  definite  masses  and  this 
affection  extends  in  a  diminishing  degree  to  about  the  level 
of  the  squamosal  sutures.  In  the  posterior  cranial  fossa 
(Plate  XIII.)  the  cerebellar  fossae  are  unaffected  but,  as  already 
mentioned,  an  angular  accumulation  of  granular  bone  is  present 
bilaterally  in  relation  to  the  sagittal  and  transverse  venous  sulci. 

There  seems  more  in  this  intracranial  affection  than  mere 
osteophytes  (Greig70),  even  though  it  be  admitted  that  this  is 
the  nature  of  the  frontoparietal  irregularities  and  the  cause  of 
local  increase  in  thickness  of  the  calvaria.  An  exact  homology 
between  the  intracranial  hyperostosis  and  the  superficial 
osteomata  would  not  be  expected  in  view  of  the  ultimate 
difference  in  vascularity  and  function  of  the  dura  mater  and 
the  periosteum.  Indeed,  apart  from  the  changes  on  the  frontal 
squama,  the  intracranial  bony  overgrowths  occur  where  the 
dura  mater  has  retained  in  some  degree  its  periosteal  attributes, 
namely,  on  the  floor  of  the  middle  fossa  of  the  skull,  at  the 
sphenofrontal,  the  squamosal  and  other  sutures  of  the  middle 
fossa  and  where  it  is  fixed  posteriorly  to  the  bone  to  form  the 
venous  sinuses.  The  hyperostosis  is  not  along  the  lines  of  the 
middle  meningeal  vessels  but  occurs  only  where  the  dura  mater 
normally  remains  closely  adherent  to  the  bone. 

The  paramastoid  process.— Finally,  as  regards  description 
of  this  skull,  a  mere  adjunct,  wholly  unrelated  to  the  cleido¬ 
cranial  dysostosis,  are  the  paramastoid  processes,  well  developed 
on  the  right,  abortive  on  the  left  side.  The  broad  polished 
apex  of  the  right  process  suggests  articulation  with  the  atlas. 
There  is  no  reason  to  think  that  the  explanation  I  have 
advanced  11  for  the  presence  of  a  paramastoid  process  does 
not  hold  good  in  this  skull  as  in  others. 
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At  the  commencement  of  the  discussion  it  was  pointed  out 
that  this  unusual  skull  had  to  be  considered  from  three  aspects, 
the  developmental,  the  biotrophic  and  the  pathological.  The 
pathological  includes  the  osteomata  and  the  various  osseous 
irregularities,  and  the  biotrophic  includes  the  features  relating 
to  what  I  believe  to  be  cleidocranial  dysostosis.  It  might  be 
advanced  with  some  show  of  reason  that  the  dysbiotrophy  is 
not  cleidocranial  but  a  mere  persistence  of  certain  foetal  cranial 
characteristics.  Thus  the  child  at  birth  has  a  patent  anterior 
fonticulus,  immature  mastoid  processes,  comparatively  flat 
mandibular  fossae,  a  practical  absence  of  air-sinuses,  and 
vertical  shortness  of  the  maxillae.  There  are  other  parts  of 
the  skull  however  where  some  modification  in  growth  might 
have  been  expected  had  the  defect  been  merely  a  foetal 
persistence  but  these  parts  have  developed  normally.  Then 
the  mandibular  fossae  show  something  more  abnormal  than 
mere  foetal  flattening,  the  absence  of  mastoid  processes  is 
absolute,  and,  above  all,  there  is  suppression  of  teeth,  an 
irregularity,  a  want  of  their  inception  that  persistent  infantile 
characteristics  cannot  explain.  But  it  must  not  be  forgotten 
that  dental  irregularities  and  defects,  sometimes  a  suppression 
even  more  absolute  than  is  present  in  this  skull,  are  character¬ 
istic  of  other  affections  as,  for  example,  irregularities  of  the 
maxillary  teeth  in  oxycephaly 79  and  absence  of  the  teeth  in 
the  so-called  combined  ectodermal  defect.  It  is  the  summation 
of  these  biotrophic  divagations  from  the  normal  that  to 
my  mind  specifies  the  biodystrophy  of  this  skull  as  that  of 
cleidocranial  dysostosis. 


Phylogenetic  or  Developmental  Features. 

There  remain  for  consideration  the  peculiarities  of  this  skull 
which  may  be  phylogenetic  and  which  give  it  its  neanderthaloid 
conformation.  These  features  have  already  been  indicated, 
namely,  the  great  frontal  torus,  the  occipital  torus,  the  low, 
though  it  is  not  retreating,  forehead  and  the  general  massive¬ 
ness  of  the  skull.  There  is  no  suggestion  in  these  deformities 
of  cleidocranial  dysostosis.  And  though  M‘Curdy  and  Baer11 
record  clinically  that  in  a  male  aged  58  years,  in  whom 
cleidocranial  dysostosis  was  hereditary  and  familial,  “the  brow 
was  overhanging,  the  facial  bones  were  small  and  the  mandible 
prognathic  ”  they  probably  refer,  not  to  a  supra-orbital 
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overgrowth  but  to  a  fulness  of  the  forehead  or  prominence 
of  the  frontal  tubeiosities,  either  of  which  is  a  common 
accompaniment  of  that  affection. 

In  facial  orientation  the  appearance  of  undue  breadth  is 
augmented  by  the  lowness  of  the  skull.  The  lack  of  height 
is  dependent  on  the  short  vertical  measurement  of  the  maxillse 
only  14  mm.  in  the  mesial  plane,  to  which  the  maximum 
transverse  maxillary  diameter  of  59  mm.  is  disproportionately 
great.  The  large  size  of  the  piriform  aperture  and  the 
capaciousness  of  the  orbits  in  their  anterior  halves  detract 
from  the  appearance  of  height  while  the  breadth  of  the  nasal 
bridge,  33  mm.  between  the  lateral  terminations  of  the 
frontolacrimal  sutures,  seems  to  displace  the  orbits  bilaterally 
and  in  this  skull  exaggerates  the  appearance  of  width  and 
squatness. 

Of  the  two  halves  of  the  frontal  torus,  the  left  is  slightly 
the  larger  and  it  is  interesting  that  a  similar  discrepancy  is 
found  in  the  Neanderthal  skull.  In  the  skull  under  discussion 
the  maximum  vertical  diameter  of  the  left  torus  is  17  mm.,  that 
of  the  right  is  16  mm.,  while  the  corresponding  measurements 
in  the  Neanderthal  skull  give  the  left  torus  19  mm.  and  the 
light  18  mm.  Naturally  any  consideration  of  a  frontal  torus 
calls  to  mind  the  skull  of  the  aboriginal  Australian  of  which 
the  greatest  measurement  of  a  frontal  torus  seems  to  be  that 
given  by  Burkitt  and  Hunter75  where  the  vertical  diameter  of 
the  left  torus  reached  a  maximum  of  21  mm.  and  of  the  right, 
18  mm.  To  these  the  general  appearance  of  this  skull  bears 
a  superficial  likeness  but  it  has  no  glabella,  which  Cunningham  76 
says  is  constant  and  forms  a  characteristic  prominence  in  the 
aboriginal  Australian,  while  the  full  development  of  the  anterior 
nasal  spine  which  this  skull  presents  is  unknown  in  that  race. 
To  the  skull  of  the  aboriginal  Australian  it  has  another  likeness, 
namely,  the  smallness  of  its  cranial  capacity,  which  is  1 140  c.cm. 
The  bulk  of  the  skull  is  perhaps  disproportionately  great  in  the 
posterior  half  and  especially  in  its  occipital  segment.  On  the 
other  hand  the  pure  aboriginal  Australian  skull  is  devoid  of  an 
anterior  nasal  process  and  I  have  the  authority  of  Sir  Arthur 
Keith  that  the  palate  and  the  teeth  (Plate  XIV.)  are  certainly 
not  of  the  Australian  aborigines. 

The  supra-orfoital  torus. — Among  European  peoples  there 
occurs  individual  accentuation  of  the  superciliary  arches  and 
in  some  races  such  projections  appear  more  frequently  than  in 
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PLATE  XIV 


Anterior  portion  of  the  base  of  the  skull  showing  the  features  of  the  teeth  and  palate. 


Frontal  Torus 


others.  In  all  races  their  comparative  insignificance  is  a 
sex-characteristic  of  the  female  skull.  The  degree  of  their 
development  in  modern  skulls  bears  as  a  rule  some  propor¬ 
tion  to  the  size  of  the  frontal  air-sinuses  and  their  presence 
is  generally  associated  with  a  corresponding  fulness  of  the 
glabella.  The  prominences  remain,  however,  superciliary 
rather  than  supra-orbital,  an  accession  to  the  frontal  bone 
rather  than  an  accretion  of  the  superior  orbital  margins.  In 
the  aboriginal  Australian  they  are  a  racial  characteristic  though 
the  enlargement  varies  in  degree  in  different  individuals,  and  in 
the  extinct  Neanderthal  race  now  recognized  as  having  a  wide 
distribution  throughout  the  world  the  supra-orbital  torus  is 
constant  and  exaggerated.  The  morphonomy  of  such  a  frontal 
variation  is  unknown,  but  assuredly  in  those  skulls,  unlike  more 
modern  extravagances,  the  size  of  the  torus  bears  no  relation 
to  the  volume  of  the  frontal  air-sinuses,  hence  some  other 
reason  must  be  sought  for  this  simian  attribute.  Its  retention 
in  the  evolutionary  scheme  bespeaks  some  advantage  to  the 
possessor.  A  mere  accession  of  strength  seems  an  inadequate 
explanation  though  possibly  the  existence  of  such  frontal 
enlargement  is  generally  accompanied  by  a  thickness  of  the 
skull  beyond  the  average.  It  seems  more  probable  that  its 
existence  in  the  anthropoid  apes  and  its  persistence  in  some 
human  races,  albeit  now  for  the  most  part  extinct,  may 
be  utilitarian.  It  suggests  that  such  full  supra-orbital  pro¬ 
tuberances  afford  to  the  sunken  eyeballs  protection  from  the 
blinding  glare  of  sudden  sunlight,  a  material  advantage  in 
hunting,  fighting  and  in  an  arboreal  existence.  In  an  arboreal 
existence  all  limbs  are  needed  and  there  is  no  spare  hand  to 
shield  the  eyes  from  the  dazzling  sunlight  as  has  the  man  and 
some  of  the  anthropoid  apes  who  mostly  walk  on  the  ground. 
But  this  by-path  of  speculation  has  no  direct  application  to  the 
skull  under  discussion.  Rather  is  it  necessary  to  glance  at 
those  skulls  in  which  the  occurrence  of  superciliary  fulness 
may  be  more  than  occasional. 

In  certain  forms  of  mental  deficiency  the  superciliary  arches 
are  disproportionately  large  and  the  forehead  is  low  and 
sloping.  In  such  cases  a  congenital  cerebral  aplasia  especially 
affects  the  frontal  lobes  and  if,  as  is  not  uncommon,  this  be 
associated  with  a  degree  of  prognathism,  often  with  unduly 
thick  lips,  the  individual  has  a  negroid  facies.  To  a  less  degree 
supra-orbital  prominence  is  noticed  in  the  skulls  of  microcephalic 
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imbeciles,  using  the  adjective  “  microcephalic”  in  its  clinical  or 
medical  application  and  not  with  its  anthropological  significance. 
On  the  other  hand,  in  oxycephaly  with  its  normal  capabilities  of 
cerebral  increase  yet  restricted  cranial  expansion,  in  hydrocephaly 
with  its  abnormally  bulky  cerebrum,  and  in  the  fulness  of  the 
forehead  that  results  from  certain  forms  of  cranial  basal  dysplasia, 
the  fi  ontal  region  is  high,  smooth  or  flat  and  the  superciliary  arches 
are  absent  or  but  slightly  developed  though  not  infrequently  the 
frontal  tuberosities  are  unusually  distinct.  Finally  in  acromegaly 
a  true  overgrowth  of  the  superciliary  arches  may  develop  when 
the  hypophysial  disturbance  manifests  itself  at  a  sufficiently  early 
age.  It  is  but  part  of  the  generalized  hyperplasic  osteodystrophy, 
a  sequence  of  hyperpituitarism. 

None  of  these  suggestions  is  applicable  to  the  skull  under 
discussion.  The  hypophysial  fossa  is  quite  small  yet  proportionate 
to  the  cranial  capacity  and  there  is  nothing  to  suggest  mental 
insufficiency.  Yet  it  is  interesting  that,  except  in  acromegaly 
in  which  there  are  wide-spread  osseous  changes,  the  morpho¬ 
genesis  of  occasional  individual  increase  of  superciliary  fulness 
or  supra-orbital  overgrowth  escapes  detection. 

The  occipital  torus. — The  transverse  occipital  suture  is 
wholly  tiaceable  in  this  skull  though  there  are  intervals  of 
obliteration.  The  occipital  torus  lies  distal  to  the  suture  and 
is  therefore  in  the  supra-occipital  portion  of  the  occipital  bone, 
a  part  developed  from  cartilage.  The  torus  being  horizontal 
does  not  follow  the  curve  of  the  superior  nuchal  line  nor  does 
it  extend  beyond  some  24  mm.  on  either  side  of  the  mesial 
plane.  It  corresponds  with  the  posterior  attachment  of  the 
galea  aponeurotica  and  not  with  muscle-fibres.  Its  free  border 
which  is  smooth  and  rounded  may  correspond  to  the  highest 
nuchal  line,  for  the  torus  lies  between  the  external  occipital 
protuberance,  ill  developed  in  this  skull,  and  the  transverse 
occipital  suture.  The  sulcus  formed  by  the  torus  towards  the 
supra-occipital  is  rough  and  irregular  but  the  appearance 
suggests  a  developmental  roughness  and  not  one  for  fascial 
attachment.  It  cannot  be  dependent  on  any  unusual  attachment 
of  a  sterno-occipital  muscle,  over-developed  to  replace  in  part 
function  the  absent  cleidomastoid  muscle,  for  such  a  ridge  for 
attachment  would  he  more  laterally  and  would  not  correspond 
to  an  occipital  torus.  In  osteogenesis  imperfecta,  and  by  that 
I  mean  a  softening  of  the  bones,  generalized  osteopsathyrosis 
in  early  life,  a  condition  of  rarity  and  not  yet  thoroughly 
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understood,  the  osteodysplasia  is  accentuated  in  the  skull  and 
the  developing  cranium  becomes  rounded  and  perhaps  even 
brachycephalic.  During  the  period  of  defective  ossification  or 
temporary  decalcification  the  vertex  becomes  somewhat  flattened, 
the  temporal  regions  bulge  laterally,  producing  a  more  or  less 
obvious  fulness  above  the  auriculae,  and  not  uncommonly  a  sort 
of  ridge  appears  posteriorly  comparable  to  an  occipital  torus, 
for  there  has  been  a  want  of  mutual  co-ordination  in  the  growth 
of  the  membranous  and  the  cartilaginous  portions  of  the 
occipital  squama. 

If  the  skull  under  discussion  is,  as  it  appears  to  me  to  be, 
modified  by  cleidocranial  dysostosis,  there  has  been  undoubtedly 
at  some  period  of  development  a  want  of  co-ordination  in  the 
conversion  of  the  chondrocranium  and  of  the  membranous 
cranium  into  bone.  An  occipital  torus  is  a  usual  accompaniment 
to  a  supra-orbital  torus  in  Neanderthal  skulls  and  perhaps  the 
morphogenesis  of  these  two  protuberances  should  be  considered 
in  conjunction.  The  morphonomy  of  these  enlargements  as  a 
racial  characteristic  being  unknown,  it  seems  peculiarly  inept  to 
speculate  on  the  morphogenesis  of  the  occasional  occurrence 
in  skulls  where  the  slightest  exaggeration  of  either  torus  is 
considered  pathological. 

At  the  opening  of  the  discussion  I  indicated  three  lines 
along  which  this  skull  seemed  to  require  investigation,  the 
phylogenetic  or  developmental,  the  embryonic  or  dysbiotrophic 
and  the  pathological,  and  I  added  that  there  would  ultimately 
fall  for  consideration  their  possible  syncretization.  Of  the 
embryonic  malformation  and  the  superadded  pathological 
peculiarities,  I  have  endeavoured  to  show  a  definite  correlation, 
the  embryonic  element  taking  precedence  in  time  and  import¬ 
ance.  But  with  either  or  both  of  these  I  fail  to  syncretize  the 
developmental  or  phylogenetic  features  which  this  skull  presents. 
It  is  thus  that  I  fail  to  find  in  the  peculiarities  of  this  skull  a 
single  developmental  entity  albeit  with  a  pathological  basis 
and  must  content  myself  with  as  adequate  description  and 
drawings  as  I  can  offer. 
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